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(57) Abstract 

An apparatus (10) for processing a workpiece (55) in a micro-environment is set forth. The apparatus includes a rotor motor (40) 
and a workpiece housing (20). Tht workpiece housing (20) is connected to be rotated by the rotor motor (40). The workpiece housing 
(20) further defines a substantially closed processing chamber (50) therein in which one or more processing fluids are distributed across at 
least one face of the workpiece (55) by centripetal accelerations generated during rotation of the housing (20). Various enhancements to 
the apparatus and processes using the apparatus are also set forth. 
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TITLE OF THE INVENTION 

MIC310-ENVIR0NMENT REACTOR FOR 
PROCESSING A MICROELECTRONIC WORKPIECE 

BACKCHIOUND OF THE INVENTION 
The industry is constantly seeking to improve tiie processes used to manufacture 
microelectronic circuits and cornponents, such as the manu&cture of integrated circuits from 
wafers. The improvements come in various forms but, generally, have one or more objectives as 
the desired goal. The objectives of many of these unproved processes include: 1) dccreasmg the 
amount of time required to process a wafer to form the desired integrated circuits; 2) increasing . 
the yield of usable integrated circuits per wafer by, for example, decreasmg the likelihood of 
contamination of the wafer during processing; 3) reducing the number of steps required to turn a 
wafer into the desned integrated circuits; and 4) reducing the cost of processmg the wafers into 
the desired integrated ckcuit by, for example, reducing the costs associated with the chemicals 
xequired far the processing. 

In the processing of wafers, it is often necessaiy to subject one or more sides of the 
wa&r to a fluid in either liquid, vapor or gaseous form. Such fluids are used to, for example, 
etch the wafer surface, clean the wafier surface, dry the wafer surface, passivate the wafisr 
sui&ce, deposit fifans an the wafer snrfiice, etc. Control of the physical parameters of the 
processing fluids, such as then* temperature, molecular composition, dosing, etc., is often quite 
crucial to the success of the processing operations. As such, the introduction of such fluids to the 
snr&ce of the wafer occurs in a controlled environment. Typically, such wafer processnig occurs 
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in what has commonly become known as a reactor. 

Various reactor constructions and configurations are known and used in the industry. 
One such reactor is used by Semitool, Inc., and is employed in their Equinox ® brand processing 
tools. Generally stated, the reactor is comprised of a cup assembly that mcludes a fixed cup that 
is constructed from a material that does not chemically react with the processing fluids that are to 
be used for the particular wafer processmg steps, Wiflim the cup, a plurality of nozzles, or other 
means fiorintroducmg fluid into the cup, are provided. The fixed cup has an open top portion, A 
rotor head assembly that supports the wafer is used to seal the top of the cup to define a 
processing chamber in which the wafer is housed for processing. In addition to mtroducing the 
wafer into the processing chamber, tiie rotor head assembly may be used to spin the wafer during 
introduction of the processing fluid onto the surface of the wafer, or after processmg to thereby 
remove the pnxsessing fluid. 

During processing, the wafer is presented to the rotor head assembly by a robotic device 
that operates in a substantially clean enviroxunent in which a number of processing reactors are 
present The robotic device presents the wafer in an exposed state to the rotor head assembly in 
an orientation in which &e side of the wafer that is to be processed is faced up. The rotor head 
assembly inverts the wafer and engages and seals with the cap for processing. As the wafor is 
processed, the wafer is oriooted so that the side of the wafer being processed is &ced down. 

The foregoing reactor construction and configuration is quite usefid for many of the fluid 
processing steps employed in the production of an integrated circuit. The present inventor, 
however, has recogxuzed that demands for fiituro integrated cirouit manufacturing processes may 
ultimately require more control and economic efBciency fitim the reactor. As such, a 
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substantially new approach to processing and reactor design has been undertaken which provides 
greater control of the fluid processes currently used in connection with microdectronie 
manufiicturing, and, fartiier, provides for the implementation and execution of more advanced 
and improved-proccsses. Additionally, the reactor includes several advantageous mechanical 
features including those that aUow the reactor to be used with robotic wafer transfer equipment, 
those that allow the reactor to be readily re-configured fijr different processes, and those that 
anow the processing dumber of the reactor to be easily removed and serviced. 
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An apparatus for processing a worlq)iece in a micro-environnient is set forth. 
Workpiece is delined as an object that at least comprises a substrale. and may include further 
layers of material or manufactured components, such as one or more rmetallization levels, 
disposed on the substrate. The apparatus includes a rotor motor and a worlq)iece housing. 
The workpiece housing is connected to be rotated by the rotor motor. TheworlqMcce 
housmg further defines a substantially closed processing chamber therein in which one or mor 
processing fluids are distributed across at least one fiace of the workpiece by centripetal 
accelerations generated during rotation of the housing. Various enhancements to the apparatas 
and processes using the apparaojs are also set fortili. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a microelectronic woricpiece housing and a rotor 
araembly constructed in accordance with one embodiment of the invention. 

Fig. 2 is an exploded view of a further embodiment of a microelectronic workpiece 
housing constructed in accordance with the teachings of the present invention 

Fig. 3 is a top plan view of the workpiece housing of Fig. 2 when the housing is in an 
assembled state. 

Fig. 4 is a cross-sectional view of the workpiece housing taken along line IV - IV of Fig. 

3, 

Fig. 5 is a cross-sectional view of the workpiece housing takea along line V - V of Fig. 

3. 

Fig. 6 is a cross-sectional view of the workpiece housing taken along Ime VI - VI of Fig. 

3. 

Figs. 7A and 7B are cross-sectional views showing the woriqnece housing in a dosed 
state and connected to a rotary drive assembly. 

Figs. 8A and SB are (^oss-sectional views showing the worlq>iece housing in an open 
state and connected to a rotary drive assembly. 

Fig. 9 illustrates one embodiment of an edge configuration that facilitates mutually 
exclusive processing of the ixppcr and lower wafer surfaces m the workpiece housing. 

5 
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Fig. 10 iUustrates an embodiment of the workpiece housing employed in connection 
with a sdf-pmnping re-circulation system. 

Figs. 11 and 12 are schematic diagrams of exemplary processing tools that employ the 
present invention. 

Fig. 13 Ulustrates a batch wafer processing tool constructed in accordance with the 
principles of the present invention. 

Fig. 14 illustrates a forther anbodiment of a reactor including features that render it well- 
suited for integration with woricpiece transfer automation equipment, wherein the reactor is in an 
open state for loading/unloading a woiicpiece that is to be processed. 

Fig. 15 illustrates the embodiment of the reactor of Fig. 14 wherein the reactor is m a 
closed processing state. 

Fig. 16 illustrates one embodiment of a biasing member that may be used in the reactor of 
Fig. 14. 

Fig. 17 illustrates a system in which the foregoing reactor is used to implement a 
linsing/drying process. 

Figm-e 1 8 is a cut-away, perspective view of the reactor, as seen fiom a different vantage. 
Figm% 19 is a cross-sectional view of the reactor, as taken through its central, vertical 

axis. 

Figure 20 is an enlarged detail of certam elements of the reactor, as taken within a circle 
drawn in Figure 3. 
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Figures 2 1 and 22 are further enlarged details of a portion of what is illustrated in Figure 
20, as taken at diffoent places around the reactor. 

Figure 23 is an enlarged, perspective view of a rotor, as used in the reactor. 

Figure- 24 is an enlarged, perspective view of a lower chamber wall and four lifting 
levers, as used in die reactor. 

Figures 25 and 26 are further enlarged details of one lifting lever, as seen m two different 
positions. 
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DETAILED DESCRiraON OF THE D^VENTION 

Fig. 1 is a cross^ectioiial view of one embodiment of a reactor, shown generally at 10. 
constructed in accoidance with the teachings of the present invention. THe embodiment of the 
reactor 10 of Fig. 1 is generally comprised of a rotor portion 15 and a micmelectronic wodq,iece 
housing 20. The rotor portiot. 15 includes a plurality of support members 25 that «ctend 
downwardly fo»m the rotorportion 15 to engage the workpiece housing 20. Each of the support 
members 25 includes a groove 30 that is dimensioned to engage a nuiially extending flange 35 
that extends about a peripheral region of the worfcpiece housing 20. Rotor portion 15 fiirtfaer 
includes a rotor motor assembly 40 that is disposed to rotate a hub portion 45. including the 
support members 25. about a central axis 47. Workpiece housing 20 is thus secm^i for co- 
rotation with hub portion 45 when support members 25 are engaged with flange 35. Other 
constructions of the rotor portion 1 5 and the engagement mechanism used for securement with 
the worlqpiece housmg 20 may also be used. 

The worlqpiece housing 20 of the embodiment of Fig. 1 defines a substantially closed 
processing chamber 50. Preferably, the substantially closed processing chamber 50 is formed in 
the general shape of the microelectronic workpiece 55 and closdy confbims with the surfaces of 
Ihe workpiece. The specific construction of Fig. 1 inchides an upper chamber member 60 havmg 
an interior chamber face 65. The upper chamber member 60 includes a centraUy disposed fluid 
inlet opening 70 in the interior chamber &ce 65. The specific construction also includes a lower 
chamber membo- 75 havmg an interior chamber face 80. The lower chamber member 75 has a 
centrally disposed fluid inlet opening 85 in the interior chamber fece 80. The upper chamber 
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member 60 and the lower chamber member 75 engage one another to define the processing 
chamber 50. The upper diamber member 60 includes sidewalk 90 that project (knvnwaid ftom 
the interior chamber Ace 65. One or more oudets 100 are disposed at the peripheral regions of 
the processing chamber 50 through the sidewalk 90 to aUow fluid within the chamber 50 to exit 
therefrom through centripetal acceleration tiiat is generated when the housing 20 is rotated about 
axis 47. 

In the illustrated embodiment, the microelectronic woilq»iece 55 is a generally circular 
wafer having upper and lower planar surfaces. As such, the processing chamber 50 is generally 
circular in plan view and the interior chamber faces 65 and 80 are generally planar and pandlel to 
fee upper and lower planar surfaces of the woikpiece 55. The tracing between the ulterior 
chamber &ces 65 and 80 and the upper and lower phmar surfijces of the workpiece 55 is 
generally quite small. Such spacing is preferably minimized to provide substantial comrol of the 
physical properties of a processing fluid flowing through the interatitial regions. 

Tlie wafer 55 is spaced ftom the interior chamber face 80 by a plurality of spacing 
members 105 extending from the imerior chamber face 80. Preferably, a further set of spacing 
membars 110 extend from the interior chamber &ce 65 and are aligned with the spacing 
members 105 to grip the wafer 55 therdxtween. 

Fluid udet openings 70 and 85 provide cranmunication passageways tinoagh «*ich one 
Of more processing fluids may enter the chamber 50 for processing the wafer surfaces, hi the 
illustrated embodimoit, processing fluids are delivered from above fee wafer 55 to inlet 70 
feiough a fluid supply tube 1 15 having a fluid outlet nozzle 120 dkposed proximate inlet 70. 
Fluid supply tube 1 15 extends centraUy through the rotor portion 15 and is preferably concentric 
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with the axis of rotation 47. Similarly, processing fluids are delivered fiom below the wafer 55 
to inlet 85 through a fluid supply tube 125. Fluid supply tube 125 terminates at a nozzle 130 
disposed proximate inlet 85. Although nozzle 120 and 130 tenninate at a position tiiat is spaced 
fiom their respective inlets, it will be recognized that tubes 1 15 and 125 may be extended so that 
gq>s 135 are not present. Rather, nozzles 120 and 130 or tubes 1 15 and 125 may include rotating 
seal membors that abut and seal with the respective upper and lower chamber memb«s 60 and 
75 in the regions of the inlets 70 and 85. In such instances, care should be exercised in the 
design of the rotating joint so as to minimize any contamination resulting from the wear of any 
moving component. 

During processing, one or more processing fluids are individually or concuxrently 
supplied throu^ fluid supply tubes 115 and 125 and inlets 70 and 85 for contact with the 
surfaces of the worlqjiece 55 in the chamber 50. Preferably, the housing 20 is rotated about axis 
47 by the rotor portion 15 during processing to generate a continuous flow of any fluid withm the 
chamber 50 across the surfaces of the woikpiece 55 through the action of centripetal 
acceleration. Processing fluid entering the inlet openings 70 and 85 are tims driven across the 
workpiece surfaces in a direction radially outward from the center of the workpiece 55 to the 
exterior perimeter of the workpiece 55. At the exterior perimeter of the workpiece 55, any spent 
processing fluid is directed to exit die chamber 50 through outlets 100 as a result of the 
cmtripetal acceleration. Spent processing fluids may be accumulated in a cup reservoir disposed 
below and/or about the workpiece housing 20. As will be set forth below in an alternative 
embodiment, the peripheral regions of the woricpiece housmg 20 toxy be constructed to 
efifectively sqiarate the processing fluids provided through inlet 70 fiom the processing fluids 

10 
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siq)plied througji inlet 85 so that opposite surfaces of wafer 55 are processed using different 
processing fluids. In such an anangemait, die processing fluids may be sepaiatety accumulated 
at die peiq)lieral regions of the housing 20 for disposal or le^diculation. 

In the embodiment of Fig. 1 , the worlqiiece housing 20 may constitute a single wafer pod 
that may be used to transport the workpiece 55 between various processing stations and/or tools. 
If transport of the housing 20 between the processing statimis and/or tools takes place in a clean 
room envirmunent, the various opeaungs of the housmg 20 need not be sealed. However, if such 
transport is to take place in an environment in which wafar contaminants are present, sealing of 
the various housing openings should be effected. For example, inlets 70 and 85 may each be 
provided with reqiective polymw diaphragms havmg slits disposed therethrough. The emls of 
fluid supply tubes 115 and 125 m such instances may each terminate in a tracor structure that 
m^ be used to extoid through the slit of die respective diaphragm and introduce die processing 
fluid mto the chamber 50. Such tracor/shtted di^hragm constructions are used in die medical 
industiy in intravenous sipply devices. Selection of die polymer material used for die 
diqshragms should take into consideration die particular processmg fluids tiiat will be intioduced 
flieredirou^. Snnilar sealing of die outlets 100 may be undertaken in which die tracor structures 
are insCTted into die di^faragms once die housing 20 is in a clean room enviionmenL 

Alternatively, die oudets 100 diemselves may be constructed to aUow fluids fiom dw 
processing chamber to exit dierednnugh while inhibiting die ability of fluids to proceed fiom die 
racterior of housing 20 mto chamber 50. This effect may be achieved, for example, by 
constiiicting die openings 100 as nordes in which die fluid flow opemng has a larger diameter at 
die interior of chamber 50 dum dw diameter of die opemng at die exterior of die housing 20. In a 
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further constraction. a rotational valve manber may be used in conjuncti«m with the plurality of 
outlets 100. TUe valve member, such as a ring with openings corresponding to the position of 
outlets 100, would be disposed proximate the opening 1 00 and would be rotated to seal with the 
outlets 100 ddring transport. The valve member would be rotated to a position in which ouUets 
100 are open during processing. Inert gas. such as nitrogen, can be injected into the" chamber 50 
through supply tubes 1 15 and 125 immediately prior to tranqwrt of the housing to a subsequent 
tool or processing station. Various other mechanisms for sealing the outlets 100 and inlets 70 
and 83 may also be employed. 

Fig. 2 is a perspective view of a further reactor construction wherein the reactor is 
disposed at a fixed processing station and can open and close to ftdlitalc insertion and extraction 
of the woikpiece. The reactor, shown gcneraOy at 200. is comprised of separable upper and 
lower chamber members. 205 and 210. respectively. As in ±c prior embodiment, the upper 
chamber member 205 includes a generally pkmar chamber face 215 having a centrally disposed 
inlet 220. Although not shown m the view of Fig. 2. fl,e lower chamber member 210 likewise 
has a generaUy phmar interior chamber fiice 225 having a central inlet 230 disposed 
theieOm»gh. The upper chamber member 205 includes a downwardly extending sidewaU 235 
that, for example, may be formed from a sealing polymer material or may be formed intcsgrally 
wifli other portions of member 205. 

Tlie upper and lower chancer members. 205 and 210. arc separable fhmi o« 
to accq,t a worlcpiece therebetween. WW, a worlq,iece disposed between them, the upper and 
lower chamber members. 205 and 210, move toward oat another to fimn a chamber m which 
the woikpiece is supported in a position in which it is spaced from the planar fa^^ 
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faces 215 and 225. In the embodiment of the reactor disclosed in Figs. 2-8B, the workpiece, 
such as a semicondnctor wafer, is clanqped m place between a plurality of support members 
240 and corresponding spacmg members 255 when the upper and lower chamber members are 
joined to form the chamber (see Fig. 7B). Axial movement of the upper and lower chamber 
members toward and away from each other is facilitated by a phnralhy of fasteners 307, the 
construction of which wOl be described in further detail below. Preferably, the plurality of 
fasteners 307 bias the upper and lower chambers to a closed position such as illustrated at Fig. 
7A. 

In the disclosed embodiment, the plurality of wafer support members 240 extaid about a 
peripheral region of the upper chamber member 205 at positions that are radially exterior of the 
sidewall 235, The wafer siqiport members 240 are preferably disposed for linear movement 
along respective axes 245 to allow flie support members 240 to clamp the wafer agamst Oie 
spacing members 255 when the upper and lower chamber members are in a closed position (see 
Fig. 7A), and to allow the support members 240 to release the wafer from such clamping action 
when the upper and lower chamber members are separated (see Fig. 8A). Each support member 
240 inchides a support aim 250 that extends radially toward the center of the rxpper chamber 
member 205. An end portion of each arm 250 overlies a corresponding spacing member 255 that 
extends from the mterior chamber fece 215. Preferably, the spacing members 255 are each in the 
form of a cone having a vertex terminating proximate the end of the siqjport arm 250. Notches 
295 are disposed at peripheral portions of die lower chamber member 210 and engage rounded 
lowra- portions 300 of the wafer siqiport members 240. When flie lower chamber member 210 is 
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mged upward to the closed position, notches 295 engage aid portians 300 of the siqiport 
members 240 and drive ftem upward to secure the wafiw 55 between the aims 250 of the 
si?>port5 240 and tiie correqionding spacing members 255. This closed state is ilhistrated in Fig. 
5. In the closed position, the notches 295 and corresponding notches 296 of the upper dumber 
member (see Fig. 2) provide a plurality of outlets at the peripheral regions of flie reactor 200. 
Radial aUgnment of the aim 250 of each support member 240 is maintained by a set pin 308 that 
extends through lateral grooves 309 disposed through an upper portion of each support member. 

The construction of the fasteners 307 that allow flie upper and lower chamber memb«s to 
be moved toward and away from one anodier is illustrated in Figs. 2, 6 and 7B. As shown, the 
Uwrar chamba- monba 210 inehides a pluraKty of hoUow q-linders 270 that arc fixed thereto 
and extmd iqnvaid dnoug^ corresponding ^Matures 275 at the peripheral region of the upper 
chamba- member 205 to form lower portions of each fastener 307. Rods 280 extend into the 
hoUow of the cylindras 270 and are secured to form an iqiper pwtion of each festener 307. 
Together, the rods 280 and cylinders 270 foim the fasteners 307 that allow relative linear 
movement betweoi the upper and lower diambermcmb«s, 205 and 210, along axis 283 between 
the open and closed position. Two flanges, 285 and 290. are disposed at an upper portion of 
each rod 280. Flange 285 fimctions as a stop monber that limits the extent of sqMuation 
between the upper and lower chamber menibeis. 205 and 210, in the open position. Flanges 290 
laovide a sur&ce against which a biasing member, sudh as a ^ring (see Fig. 6) or die like, acts 
to bias tiie iq)per and lower chambtar members, 205 and 210, to the closed position. 

With reference to Fig. 6, the spring 303 or the like, has a firet end that is positioned 
within a dreular groove 305 that extends about each respective fastaiCT 307. A second end of 
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each spring is disposed to engage flange 290 of the respective festencr 307 in a con^ressed state 
thereby causing the spring to generate a force that drives the fastener 307 and the lower chamber 
member 21 0 upward into engagement with the vtppac chamber member 205. 

TTie rdactor 200 is designed to be rotated about a coitral axis during processing of the 
workpiece. To this end, a centrally disposed shaft 260 extends from an upper portion of the 
upper chamber mranber 205. As will be IDustratcd in fur&er detail below in Figs 7A - 8B, the 
shaft 260 is connected to engage a rotary drive motor for rotational drive of the reactor 200. The 
shaft 260 is constracted to have a centrally disposed fluid passageway (see Fig. 4) through which 
a processing fluid may be provided to mlet 220. Alternatively, the central passageway may 
function as a conduit for a separate fluid inlet tube or the like. 

As illustrated in Figs. 3 and 4, a plurality of optional ovoflow passageways 312 ejctend 
radially from a central portion of the upper chamber member 205. Shaft 260 terminates in a 
flared end portion 315 having inlet notches 320 that provide fluid communication between the 
tipper portion of processing chamber 310 and the overflow passageways 312. The flared end 315 
of the shaft 260 is secured with the upper chamb» manber 205 with, for example, a mounting 
plate 325. Mounting plate 325, in turn, is secured to the upper chamber member 205 with a 
plurality of fasteners 330 (Fig. 5). Overflow passages 312 allow processing fluid to cat the 
chamber 310 when the flow of fluid to the chamber 310 exceeds the fluid flow from the 
poipheral ouflets of the chamber. 

Figs. 7A and 7B are cross-sectional views showing the reactor 200 in a closed state and 
connected to a rotary drive assembly, shown generaUy at 400. while Figs. 8 A and 8B are similar 

CToss-sectional views showing the reactor 200 in an opened state. As shown, shaft 260 extends 
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iipwatdintothcn)tarydrivea8sembly400. Shaft 260 is provided iwth the conqioneiits necessary 
to ccK^etate with a stator 405 to fotm a rotary drive motor assonbly 410. 

As in the embodiment of Fig. 1, the upper and lower chamber membeis 205 and 210 join 
to define the substantially closed processing chamber 310 that, in the prefei«d embodiment. 
substantiaUy conforms to the shape of the woikpiece 55. Prefaably, the wafer 55 is supported 
within the chamber 3 10 in a position in which its upper and lower &ces are spaced fit,m the 
interior chamber faces 215 and 225. As described above, such support is fecilitated by the 
support members 240 and the spacing members 255 that clamp the peripheral edges of the wafer 
55 therebetween when the reactor 200 is in the closed position of Figs. 7A and 7B. 

It is in the closed state of Figs. 7A and 7B that processing of the wafer 55 takes place. 
With the wafer seamed within the processing chamber 310. processing fluid is provided through 
passageway 415 of shaft 260 and inlet 220 into the interior of chamber 310. Similariy, 
processing fluid is also provided to the chamber 310 through a processing supply tube 125 that 
directs fluid flow through inlet 230. As the reactor 200 is rotated by the rotary drive motor 
assembly 410. any processing fluid supplied through inlets 220 and 230 is driven across the 
surfaces of the wafer 55 by fbroes generated through centripetal acceleration. Spent processing 
fluid exits the processing chamber 310 fiom the outlets at the peripheral regions of the reactor 
200 formed by notches 295 and 296. Such ooflets exist since the support members 240 are not 
constructed to significantly obstruct the resulting fluid flow. Alternatively, or in addition, fiirtfaer 
outlets may be provided at the peripheral regions. 

Once processmg has been conqjleted, the reactor 200 is opened to allow access to the 
wafer, such as shown in Fip. 8A and 8B. After processing, actuator 425 is used to drive an 
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actuating ring 430 downward into engagement with upper portions of the festeners 307. 
Fasteners 307 are driven against the bias of spring 303 cansing the lower chamber member 210 
to descend and separate from the upper chamber member 205. As the lower chamber member 
210 is lowered, the support members 240 follow it under the influence of gravity, or against the 
influence of a biasing member, while concunently lowering the wafer 55. In the lower position, 
the reactor chamber 310 is opened thereby exposmg the wafer 55 for removal and/or allowing a 
new wafer to be inserted into the reactor 200. Such insertion and extniction can take place either 
manually, or by an automatic robot 

The foregoing arrangement makes the reactor 200 particularly weU-suited for automated 
woritpiece loading and unloading by, for example, a robotic transfer mechanism or the like. As 
evident from a comparison of Figs. 7A and 8A, the spacing between the upper sur&ce of the 
woricpiece and the interior chamber wall of the upper chamber member 205 varies dependmg on 
whether the reactor 200 is in an open or ckised state. When in the open state, the upper sur&ce of 
the woricpiece is spaced fiom the mterior chamber wall of the upper chamber member 205 by a 
distance, xl. that provides sufficient clearance for operation of. for example, a woriq>iece 
transfer arm of a robotic transfer mechanism. When m the closed processmg state, the upper 
suifice of the woricpiece is spaced fiom the mterior chamber wall of the upper chamber member 
205 by a distance, x2, that is less than the distance, xl. The distance. x2. in the disclosed 
embodiment may be chosen to correspond to the spacing that is desired during woricpiece 
processing operations. 

Fig. 9 ilhistrates an edge configuration that faciUtates separate processing of each side of 
the wafer 55. As fllustiated, a dividing member 500 extends fiom the sidewaU 235 of the 

17 



wo 99/46065 



PCT/US99/05676 



processing chambo: 310 to a position immediately proximate the peiipharal edge 505 of the 
wafer 55. The dividing member 500 may take on a variety of shapes, the illustrated tapered 
sh^e being merely one configuratioa The dividing member 500 preferably extends about the 
entire circumfiarace of the chamber 310. A first set of one or more outlets 510 is disposed 
above the dividing member 500 to receive spent processing fluid from the i^er surface of the 
wafer 55. Similarly, a second set of one or more outlets 515 is disposed below the dividing 
member 500 to receive spent processing fluid fitnn the lower sur&ce of the wafer 55. When the 
wafer 55 rotates during processing, the fluid through supply 415 is provided to the upper surface 
of the wafer 55 and spreads across the surface through the action of coitripetal acceleration. 
Smularly, the fluid finom supply tube 125 is provided to the lower surface of the wafer 55 and 
spreads across the sur&ce through the action of centripetal acceleration. Because the edge of 
the dividing member 500 is so close to flie peripheral edge of the wafer 55, processmg fluid 
from the upper surface of the wafer 55 does not proceed below the dividing member 500, and 
processmg fluid from the lower surface of the wafer 55 does not proceed above the dividing 
member 500. As such, fliis reactor constraction makes it possible to concurrently process both 
the upper and lower surfaces of the wafer 55 in a mutually exclusive manner using different 
processing fluids and steps. 

Fig. 9 also illustrates one manner in which the processmg fhnds supplied to the upper and 
lower wafer surfeces may be collected m a mutually exclusive manner. As shown, a fluid 
collector 520 is disposed about the exterior periphery of the reactor 200. The fluid collector 520 
includes a first collection region 525 having a splatter stop 530 and a fluid trench 535 that is 
stnumired to guide fluid flung from the ouU^ 5 10 to a first dram 540 where tiie spent fluid from 
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the upper wafer surface may be directed to a coUection reservoir for disposal or re-circulation. 
The fluid coUector 520 finther includes a sectrnd collection r^on 550 having a further splatter 
stop 555 and a fiirflier fluid trench 560 that is structured to guide fluid flung fiom the ouUets 515 
to a second drain 565 where tiie spent fluid from the lower wafer surface may be directed to a 
collection reservoir for disposal or re-circulatian. 

Fig. 10 iflustrates an embodiment of the reactor 200 having an ahemate configuration for 
supplying processmg fluid through the fluid mlet opening 230. As shown, the woricpiece 
bousing 20 is disposed in a cup 570. The cup 570 includes sidewaUs 575 exterior to the outlets 
100 to coUect fluid as it exits the chamber 310. An angled bottom surface 580 directs the 
collected fluid to a sump 585. Fluid supply line 587 is connected to provide an amount of finid 
to die sunq> 585, The sump 585 is also preferAly provided with a drain valve 589. An mlet 
stem 592 defines a channel 595 that includes a first end having an opeaung 597 that apeas to the 
sunQ) 585 at one end thereof and a second end that qiens to the inlet opoiing 230. 

In operation of the embodiment shown m Fig. 10, processmg fluid is provided through 
si^ly Ime 587 to tiie sump 585 whUe the reactor 200 is spinning. Once the sump 585 is fiill, the 
fluid flow to the sump through siq)ply hne 587 is eliminated. Cmtripetal acceleration resultmg 
fiom flie qiinning of the reactor 200 provides a pressure difSaential that drives the fluid through 
opoungs 597 and 230, into chambs 310 to contact at least the lower sur&ce of the wafer 55, and 
exit oufiets 100 where the fluid is re-ciiculated to the sunqi 585 for finlher use. 

There are numerous advantage to the self-punq)ing le-circulation qrstem illustrated in 
Fig. 10. The tight fluid loop minimizes higs in process parameter control therdjy making it 
easier to control sudi i*ysicai parameters as fluid temperature, fluid flow, etc.. Furflier, there is 
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no heat loss to plnmbing, tank walls, pumps, etc. Still further, the system does not use a 
separate pump, thaeby eliminating pump failures which are common when pumping hot, 
aggressive dianistiies. 

Figs. 11 and 12 iUustrate two dififerojt types of processing tools, each of whidi may 
employ one or more processing stations including the reactor constructiems desoribed above. 
Kg. 1 1 is a schematic block diagram of a tool, shown generally at 600, including a plurality of 
processing stations 605 disposed about an aicuate path 606. The piocessing stations 605 may all 
perform similar processmg operations on the wafer, or may perform diffaent but 
complementary piocessing operations. For example, one or more of the processing stations 605 
may execute an electrodeposition process of a metal, such as copper, on the wafer, while one or 
more of the other processmg stations perform complementary processes such as, for example, 
cleau/diy processing, pre-wetting processes, photoresist processes, etc. 

Wafers fliat are to be processed are siq)plied to die tool 600 at an iivut/ouQmt station 607. 
The wafers may be suppUed to the tool 600 in, for example. S.M.I J. pods, each having a 
plurality of the wafers diqsosed therein. Alternatively, the wafere may be presented to the tool 
600 in individual woikpiece houangs, such as at 20 of Fig. 1 . 

Each of the processing stations 605 may be accessed by a robotic ann 610. The robotic 
am 610 transports the woikpiece housings, or individual wafers, to and fiom the input/ou^)Ut 
station 607. The robotic arm 610 also transports the wafers or housings between the various 
processing stations 605. 

fe flie embodiment of Fig. 1 1, the robotic arm 610 rotates about axis 615 to perform the 
tranqwrt operations along path 606. In cootrasl, the tool shown generaUy at 620 of the Fig. 12 
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utilizes erne or more robotic arms 625 that travel along a linear path 630 to perform the required 
tnansport operations. As in the embodiment of Fig. 10. a phirality of individual piocessing 
staHons 605 are used, but more processing stations 605 may be provided in a single processing 
tool in this atr&ngement. 

Fig. 13 illustrates one manner of employing a plurality of workpiece housmgs 700. sudi 
as those described above, in a batch processmg apparatus 702. As shown, the woi)q»<se 
housings 700 are stacked vertically with respect to one another and are attached for rotation by a 
common rotor motor 704 about a common rotation axis 706. The apparatus 702 fiirther includes 
a process fluid delivery system 708. The deUveiy system 708 includes a stationary manifold 710 
that accepts processmg fluid fiom a fluid supply (not shown). The stationaiy manifold 710 has 
an outlet end comieeted to the input of a rotating manifold 712. The rotating manifold 712 is 
secured for co-rotation with the housings 700 and, therefore, is connected to the stationary 
manifold 710 at a rotating joint 714. A phmiKty of fluid supply lines 716 extend fiom the 
rotating manifold 712 and tenninate at respective nozzle portions 718 proximate inlets of the 
housings 700. Nozzle portions 718 that are disposed between two housings 700 are constructed 
to provide fluid streams that are directed in both the upward and downward directions. In 
contrast, the lowermost supply Une 716 inchides a nozzle portion 718 that directs a fluid stream 
only in the upward direction. The uppermost portion of the rotating manifold 712 indudes an 
outlet 720 that provides processing fluid to the fluid inlet of the uppennost housing 700. 

The batch processing appaxatus 701 of Fig. 13 is constructed to concurrenUy supply the 
same fluid to both the upper and lower inlets of each housing 700. However, other 
configurations may ah» be employed. For example, nozzle portions 718 may include valve 
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members that selectively open and close depending on whellier the fluid is to be supplied 
through the vppa and/or lower inlets of eadh bousing 700. In such instances, it may be desirable 
to employ an edge configuiatian, such as the one shown in Fig. 9, in each of the housings 700 to 
provide isolati(m of the fluids supplied to die vpper and lower surfaces of the wafers 55. Still 
flirther, the apparatus 702 may include concentric manifolds for supplying two different fluids 
concurrently to individual supply lines respectivBly associated with the vqiper and lower inlets of 
the housings 700. 

An anbodiment of flie reiactor that is particularly well-suited for integration in an 
automated processing tool is illustrated in Fig. 14. Hie reactor, shown generally at 800, 
includes features that cooperate in a unique manner to aUow a robotic ann or the like to insert 
and «tract a worlqiiece to and from the reactor 800 during loading and unloading operations 
while also mamtaining relatively tight clearances between the worlqiiece and die interior 
dumber walls of the reactor dnring processing. 

One of die principal dMferenccs between the reactor embodiments described above aid 
the reactor 800 of Fig. 14 lies in the nature of the workpiece support assembly. As shown, 
reactor 800 iochides a workpiece support assembly, shown generaUy at 805, that is associated 
wWi die lowCT dumber mcanber 210. In acamlance widi die iihistrated embodiment, the 
workpiece support assembly 805 includes a ptarality of workpiece support members 810 diat 
extend dux>ugb die lower chamber member 210. The workpiece support meofliers 810 are 
s«OT«»iled at a lower end diereof by a biasing member 815. At die end of die workpiece 
support member 810 duit is distal die biasing member 815. die workpiece support member 810 
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tenninates at a workpiece support sorface 820 and a guide structure 825. The guide structure 
S2S extends from the workpiece siq>port surface 820 and terminates at a frustoconical section 
830. The guide snructure 825 assists in urging the peripheral edges of the workpiece into 
proper alignment with the workpiece support surface 820 thereby ensuring proper registration 
of the workpiece during processing. The guide stnicmre 825 may also serve as a spacer that 
defines the clearance betwe^ the interior chamber wall of the iqiper chamber member 205 and 
the upper surface of the workpiece. 

The biasing member 815 of the illustrated embodiment serves to bias the workpiece 
support members 810 in an upward direction v/hen the upper and lower chamber members 205 
and 210 are in the illustrated open condition in which the reactor 800 is ready for loading or 
unloading the woiiq)iece. The biasing member 815 may take on various forms. Forexample^a 
single biasing stracture may be used that is common to all of the workpiece support members 
810. Alternatively^ as shown in the disclosed embodiment, individual biasing structures may be 
respectively associated with individual ones of the workpiece support members 810. The 
individual biasing structures are in the form of leaf springs 835 but, for example, may 
alternatively be in the form of coil spring actuators or the like. 

As in the embodiment of &e reactor described above, the upper and lowo* chamber 
mmbers 205 and 210 of reactor 800 are movable with respect to one another between the open 
condition of Fig. 14 to a closed processing condition as illustrated in Fig. 15. As the chamber 
monbers 205 and 210 move toward one another, the frustoconical sections 830 of the workpiece 
siq)port members 810 engage the interior chamber wall of the upper chamber member 205. 
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Continued movement between the chamber members 205 and 210 drives the workpiece support 
members 810 against the leaf springs 835 until the woriq>iece is clamped between the sappoti 
surfaces 820 of Ae worlq>iece support membas 810 and corresponding projections 840 that 
extend from the mterior diamber wall of the upper chamber member 205. WhUe in this closed 
state, the reactor is ready to process the workpiece. 

The reactor 800 of Fig. 14 also includes structures which assists in ensuring proper 
registration between the upper and a lower chamber members 210 and 205 as they are bit)ught 
proximate one another to their processing position. In the illustrated embodiment, these 
structures are in the form of lead-in pins 845 that extend from one of the chamber members to 
engage corresponding apertures of the other of Oie chamber members. Here, the lead-in pins 845 
extend from the lower chamber m«nber 210 to engage corresponding apertures (not shown) in 
flie upper chambar member 205. The lead-in pins 845 are in the form of upstanding manbere 
that each terminate in a respective feustoconical section that functions as a guide surfiu^e. 

The foregoing arrangement makes the reactor 800 particularly well-suited for automated 
woriq)iece loading and unloading by. for example, a robotic transfer mechanism or the like, 
particularly one in which the workpiece is directly inserted mto the reactor without flipping of 
the workpiece. As evident from a comparison of Figs. 14 and 15, the spacmg betweai the lower 
surface of the woriqMccc and the interior dianiber wall of the lower chamber member 210 varies 
depending on whether the reactor 800 is in an open or closed state. When m the open state, the 
lower sur&ce of flie woriqiiece is spaced from the interior chamber wall of the lower chamber 
member 210 by a distance, xl, that provides sufficient clearance for operation of, for example, a 
workpiece transfer arm of a robotic transfer mechanism. When in the closed processing state, 
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the lower surface of the workpiece is spaced ftom the interior chamber wall of the lower 
chamber member 210 by a distance, x2, that is less than the distance, xl . The distance, x2, in the 
disclosed embodiment conesponds to the spacing diat is desired during workpiece processing 
operations. 

One embodiment of the biasing member 815 is Ulustrated in Fig. 16. As shown, the 
biasing member 815 is comprised of a pluraHty of leaf springs 835 that extend radially fiom a 
central hub portion 850 to positions in which they contact the underside of respective workpiece 
support members 810. A fiirther plurality of radial membere 855 extend from the bub 850 to 
positions in which they contact the underside of respective lead-in pins 845. Unlike the leaf 
springs 835, the further plmality of radial members 855 are not necessarily designed to flex as 
the upper and lower chamber members 210 and 205 move toward the processing position. Hie 
biasing member 825 may be fonned from a polymer material or the like which is resistant to the 
chemisliy used in the processing enviionmenL When formed fiom such a material, the 
workpiece support members 810 and lead-in pins 845 may be formed mtegral with their 
reqjective leaf springs 835 and radial members 855. 

In the Ulustrated embodiment, the central hub portion 850 includes a central aperture 900 
that accommodates a securement 905 which connects the biasing member 815 to the underside of 
the lower chamber member 210. With reference to Figs. 14 and 15. the securement 905 can be 
formed to provide the processing fluid inlet through the lower chamber member 210. When the 
securement 905 is fonned in this mamier. the reactor 800 is provided with a quick and easy 
manner of providmg different inlet configurations for different processes. 

On occasion, it may be desirable to remove flie reactor 800 fiom head portion 860. For 
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example, the reactor 800 may be removed for service or for replacement with a reactor that is 
designed for executing other processes, or processing otfao-woikpiece types. 

To fliis tad, flje reactor 800 and the head portion 860 are engaged at a connection hub 
assembly 865-which allows tiie reactor 800 to be easily connected to and disconnected from the 
head portion 860. In embodiment iHustrated in Fig. 15, the connection hub assembly 865 is 
comprised of a head connection hub 870 that is fixed to Ifae processing head portion 860, and a 
reactor connection hub 875 that is fixed to the reactor 800. The connection hubs 870 and 875 are 
secured to one another during normal operation by, for example, a threaded joint 880. A set 
screw 885 extends through the head connection hub 870 and may be rotated to engage a surfiice 
of or corresponding ^erture in the reactor connection hiib 875 to thereby prevents the 
connection hubs 870 and 875 fi»m unscrewnig. 

When removal of flie reactor 800 is desired, the reactor is rotated to aUgn set screw 885 
with a corresponding channel sleeve 890 that is fixed to the head portion 860. The channel 
sleeve 890 is constructed to allow a user to extend a tool therethrough to engage die set screw 
885. The set screw is Aen turned to raise it until it engages and secures with a sci«w head block 
895. Once secured in diis manner, the head connection hub 870 is rotationally locked with the 
head portion 860 thereby allowing the reactor 800 and corresponding reactor connection hob 875 
to be unscrewed from lbs head connecticm hub 870 to remove the reactor. 

In accordance with a still firthw feature of the reactor 800, a stif&nmg member 910 
formed, Sar example, firom ahnninnm is secured with the upper chamber member 205. By 
increasing the stiifiiess of the upper and/or lower chamber members, higher rotating qraeds may 
be used ami, finlher, the flatness of Oie interior chamber walls during processing may be 
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increased. 

Numerous substantial benefits flow from the use of the disclosed reactor configurations. 
Many of these beaefits arise directly firom the reduced fluid flow areas in the reactor chambas. 
Generally, fliere is a more efficient use of the processing fluids since very little of the fluids are 
wasted. Further, it is often easier to control the physical parameters of the fluid flow, such as 
temperature, mass flow, etc., using the reduced fluid flow areas of the reactor chambers. This 
gives rise to more consistent results and makes those results repeatable. 

The foregoing constractions also give rise to the ability to perform sequential processing 
of a single wafer using two or more processing fluids sequentially provided through a single inlet 
of the reaction chamber. Still fiirflier, the ability to concurrently provide diffwent fluids to the 
uppier and lower surfiices of the wafer opens the opportunity to inq)lcment novel processing 
operations. For example, a processing fluid, such as HF liquid, may be supplied to a lower fluid 
inlet of the reaction chamber for processmg tiie lower wafer surface while an inert fluid, such as 
nitrogen gas, may be provided to the upper fluid inlet. As such, the HF liquid is allowed to react 
with the lower surface of the wafer whUe the upper surface of the wafer is efFecUvely isolated 
from HF reactions. Numerous other novel processes may also be implemented. 

The present inventor has recognized that demands for mtegrated circuit rinsing/drymg 
processes may idtunately reqmre more control and economic efficicnqf from the rinser/dryer. 
As such, a substantially new approach to rinsmg and drymg of the semiconductor wafer has 
been undertaken which provides greater control of the physical properties of the rmsing and 
drying fluids. Further, wafers may be rinsed and dried on an individual basis more quickly 
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when compared to the drying of an individual wafer using any of the foregoing processes. 

Fig. 17 iUustrates one manner of controlling the provision of rinsing/drying fluids that 
are supplied to the rinser/dryer of any of the foregoing embodiments. As illustrated, the fluid 
supply system; shown generally at 1800, includes a nitrogen gas supply 1805, an IP A supply 
1810, an IPA vaporizer 1815, a DI water supply 1820, optional healing elements 1825, 
(qjtional flowm^s 1830, optional flow regulators/temperature sensors 1835, and valve 
mechanism 1840. All of the various components of the system 1800 may be under the control 
of a controller unit 845 having the appropriate software programming. 

In qperadon of the rinser/dryer, the valve mechanism 1840 is comiected to supply DI 
water from supply 1820 to both the upper and lower inl^ of die rinser/dryer chamber. As the 
water is supplied to the chamber, the wafer is spun at, for exanq>le, a rate of 200 RPM. This 
causes the water to flow across eadi surface of the wafer under the action of centripetal 
acceleration. Once a sufflcient amount of water has been supplied to the chamber to rinse ±e 
wafer surfaces, valve mechanism 1840 is operated to provide a drying fluid, preferably 
comprised of nitrogen and IPA v^r, to both the upper and lower inlets of the rinser/dryer 
chamber. Valve mechanism 1840 is preferably operated so that the front of the drying fluid 
immediately follows the trailing end of the DI water. As the drying fluid enters the chamber, 
centripetal acceleration resulting from the spinning of the wafer drives the drymg fluid across 
the wafer surface and follows a meniscus across the waf^ surface formed by the DI water. 
The IPA vapor assists in providing a drying of the surface of the wafer at the edge of the 
meniscus. Drying of the wafer may be further enhanced by heating the DI water and/or the 
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nitrogen/IPA vapor using heating elements 1825. The particular temperature at which these 
fluids are supplied may be controlled by the controller 1845. Similarly, flow regulators 1835 
and flowmeters 1830 may be used by controller 1845 to regulate the flow of the DI water 
and/or the nitfogen/IPA vapor to the rinser/dryer chamber. 

With some modifications, the foregoing reactor designs may be adapted to execute 
several unique processes in which contact between the microelectronic workpiece and one or 
more processing fluids is controlled and confined to selected areas of the woikpiec. One 
embodiment of such a reactor design is shown in Figures 1 8-22. 

With reference to Figures 18-22, there is shown a reactor 2100 for processing a 
microelectronic woxkpiece, such as a silicon wafer 10 having an upper side 12» a lower side 14, 
and an outer, circular perimeter 16, in a micro-environment. For certain applications, the upper 
side 12 is the fixmt side, which may be otherwise called the device side, and the lower side 14 is 
the back side, which may be otherwise called the non-device side. However, for other 
applications, the silicon wafer 10 is inverted. 

Generally, except as disclosed herem, the reactor 2100 is similar to the reactors illustrated 
and described above. However, as illustrated in the drawings and described herein, the reactor 
2100 is improved to be more versatile m executing selected microelectronic fabrication 
processes. 

The reactor 2100 has an upper chamber member diat mcludes an upper chamber wall 
2120 and a lower chamber member that includes a lower chamber wall 2140. These walls 2120, 
2140, are arranged to open so as to peraut a wafer 10 to be loaded into the reactor 100 for 
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processing, by a loading and unloading mechanism (not shown) that, for example, may be in the 
forai of a robot having an end effector. These walls 2120, 2140, are arranged to close so as to 
define a capsule 2160 siqjporting a wafer 10 in a processing position, between these walls 2120, 
2140. 

The reactor 2100, which defines a rotation axis A, has a head 2200 
containing a rotor 2210, which mounts the upper chamber wall 2120, and mounting 
a motor 2220 for rotating the rotor 2210 and the upper and lower chamber waUs 
2120, 2140, when closed, around the axis A, conjointly with a wafer 10 supported 
in the processing position. The motor 2220 is arranged to drive a sleeve 2222, 
which is supported radially in the head 2200, by rolling^lemcnt bearings 2224. 
The head 2200 is arranged to be raised for opening Aese walls 2120, 2140, and to 
be lowered for closing these walls 2120, 2140. 

The upper chamber wall 2120 has an inlet 2122 for processing fluids, 
which may be liquid, v2q)orous, or gaseous, and the lower chamber wall 2140 has 
an inlet 2142 for such fluids, which for a given application may be smiilar fluids or 
diffoCTt fluids. The head 2200 mounts an upper nozzle 2210, which extends 
axially through the sleeve 2222 so as not to interfere with the rotation of the sleeve 
2222. The vppcr nozzle 2210 directs streams of processmg fluids downwardly 
througli the inlet 2122 of the upper chamber wall 2120. 

The upper chamber wall 2120 includes an array of similar outlets 2124, 
which are spaced similarly at uniform angular spacings around the vertical axis A. 
In the disclosed embodiment, thirty-six such outlets 2124 are employed. Each 
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outlet 2124 is spaced outwanUy from the vertical axis A by a comparatively laiger 
radial distance and is spaced inwardly from the outer perimeter 16 of a wafer 10 
supported in the processing position by a comparatively smaUer radial distance, 
such as a distance of ^^ximately 1.5 millimeters. 

When the upper and lower chamber walls 2120, 2140, are closed, they 
define a micro-environment reactor 2160 the having an upper processing chamber 
2126 that is defined by the upper chamber wall 2120 and by a first generally planar 
surface of the supported wafer 10, and a lower processing chamber 2146 that is 
defined by the lower chamber wall 2140 and a second generally planar surface of 
the supported wafer opposite the first side. The upper and lower processing 
chambers 2126, 2146, are in fluid communication with each oflier in an annular 
region 2130 beyond the outer perimeter 16 of the supported wafer 10 and are sealed 
by an annular, compressible seal (e.g. O-ring) 2132 bounding a lower portion 2134 
of the annular region 2130. The seal 2132 aUows processing fluids entering the 
lower inlet 2142 to remain under sufficient pressure to flow toward flie outlets 
2134. 

As compaxed to reactors of the type disclosed in the previously described 
embodiments, the reactor 2100 is particularly suitable for executing a range of 
unique microfibrication processes. For example, reactor 2100 is particularly suited 
to ©cecute a process that requires complete contact of a processing fluid at a first 
side of a woricpiece and at only a peripheral margin portion of the second side 
thereof. Such pn)cesses may be realized because pn>ce5sing fluids entering the inlet 
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2142 of the lower chamber wall 2140 can act on the lower side 14 of a supported 
wafer 10, on the outer periphery 16 of the supported wafer 10, and on an outer 
margin 18 of the upper side 12 of the supported wafer 10 before reachmg ttie 
outlets 2124, and because processmg fluids entering the inlet 2122 of the upper 
chamber wall 2120 can act on the upper side 12 of the siqjported wafer 10. except 
for the outer margin 1 8 of the upper side 12, before reaching (he outlets 2124. 

As a significant example of one such process, the reactor 2100 can be used 
with control of the respective pressures of processing fluids entering the respective 
inlets 2122, 2142, to cany out a process in which a processing fluid is allowed to 
contact a first side of the woikpiece. the peripheral edge of the worlq)iece, and a 
peripheral region of the opposite side of the woricpiece. Such fluid flow/contact 
can also be viewed as a manner of excluding a processing fluid that is applied to 
the opposite side firan a periphraal region of that side. In accordance with one 
embodunenl of such a process, a flrin fihn of material is etched from the first side, 
peripheral edge of the workpiece, and peripheral rc^gion of the opposite side of the 
workpiece. 

In a more specific embodimwit of such a process, Ae process may 
employed in a metallization process that is used to form a mictodectixinic 
component and/or interconnect structures on a semiconductor wafer or the like. To 
this end, a thin fihn. such as the seed layer, is sppUed over a barrier layer on the 
fix)nt side and over at least a portion of the outer perimeter. After one or more 
intervenmg steps, such as electroplating of a copper layer or the like thereover, an 
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etchant enable of etching the electroplating material, thin fihn material, and/or the 
barrier layw material is caused to flow selectively over only an outer margin of the 
first side while being concurrently prevented firom flowing over other radial interior 
portions of the first side. Thus, one or more of the layers arc ronoved from the 
outer margin of the first side while the layers renaain intact at the portions of the 
first side that are disposed interior of the outer margin. If the etchant is driven over 
the opposite side and over the outer perimeter, as well as over the outer margin of 
the first side, the one or more layers are also removed &om the outer perimeter of 
the wafer and, fiuther, any contammant that die etchant is capable of removmg is 
stripped fiom the bade side. 

Based on the description of the foregoing process, it will be recognized that 
other layers and/or materials may be selectively etched, cleaned, deposited, 
protected, etc., based on selective contact of a proccssmg fluid with the outer 
margm and/or opposmg side of the woriqjiece. For example, oxide may be removed 
&om the opposite side and outer margm of the first side of a workpiece through 
selective contact with an oxide etchant, such as hydrofluoric acid. Similarly, the 
oxide etchant may be cantiolled in the reactor so that it contacts all of the front side 
of the workpiece raccept for die outer margm thereby leaving the oxide at the outer 
margm intact It will also be recognized that removal of the outlets 2124 allows the 
reactor 2100 to be used for processes in which selective outer margm inclusion or 
exclusion is uzmecessary or otherwise undesirable. 
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As iUustrated in Figures 23-26. additional structots may be incoipoiated 
with any of the fongDnig teactois dependent on the particular prDces8(es) the 
reactor is designed to implement and the automation, if any, that will be used along 
with it In accordance with one such structural addition, the lower chamber wall 
140 has an upper surface 2144 shaped so as to define an amiular sump 2146 around 
the inlet 2142. The sump 2146 is used to collect tiquid byproducts and/or residual 
processfaig fluids supplied through the inlet 2142. If a hquid, for example, strikes 
and drops from wafer 10, it is conducted toward the ouUet 2124 under the 
mfluence of centripetal accderatiwi as the reactor 100 is rotated. 

Anoflier structural addition illustrated in connection with the reactor 2100 
relates to die lower nozzle design. As illustrated, the lower nozzle 2260, which is 
provided beneath the inlet 2142 of the lower chamber wall 2140. includes two or 
more ports 2262 (two shown) for directing two or more streams of processing 
fluids upwardly flmiugh tiie inlet 2142. The ports 2262 are oriented so as to cause 
the directed streams to converge approximately where the directed streams reach 
the lower surface of the wafer 10. The reactor 2100 also includes a purging nozzle 
2280, which is disposed at a side of the lowernozzle 2260, for directing a stream of 
purging gas, sudi as nitrogen, aooss tiie loww nozzle 2260. 

Still further, the reactor 2100 may have a base 2300, which mounts the 
lower nozzle 2260 and the purging nozzle 2280 and which defines a coaxial, 
annular plenum 2320. The plenum 2320 has plural (e.g. four) drains 2322 (one 
shown) each of which is equipped with a pneumatically actuated, poppet vahre 
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2340 for opening and closing the drain 2322. These drains 2322 provide separate 
paths for conducting processing liquids of different types to appropriate systems 
(not shown) for ston^ disposal, or recirculation. 

An annular skirt 2360 extends around and downwardly from the upper 
chamb» wall 2120, above the plenum 2320, so as to be conjoiiitly rotatable with 
the upper chamber wall 2140. Each outlet 2124 is oriented so as to direct 
processing fluids exiting such outlet 2124 through fluid passages 2364 against an 
inner surfece 2362 of the annular skirt 2360. The inner surface 2362 is flared 
outwardly and downwardly, as shown, so as to cause processing fluids reaching the 
iruKT sur&ce 2362 to flow outwardly and downwardly toward the plenum 2320, 
under tiie influmce of centripetal acceleration when flie reactor is rotated. Thus, 
processing fluids traid to be swept through the plamm 2320, toward the drains 
2322. 

The rotor 2210 has a ribbed surface 2215 facing and closely spaced fiom a 
smooth surfece 2202 of the rotor 2210, in an annular region 204 communicating 
with the plenum 2320. When the rotor 2210 rotates, the ribbed surfece 2215 taids 
to cause air in the annuhir r^on 2204 to swirl, so as to help to sweep processing 
fluids tfarougji the plenum 2320, toward the drains 2322. 

The upper chamber wall 2120 has spacers 2128 that project downwardly to 
prevent the lifting of a 8t?)ported wafer 10 from the processing position and from 
touching the upper chamber waU 2120. The lower chamber waU 2140 has spacers 
2148 that project upwardly for spacing a stq^ported wafer 10 above the lower 
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Chamber waU 140 by a given distance, and posts 2150 projecting upwardly beyond 
the outer perimeter 16 of a supported wafer 10 for preventing the supported wafer 
10 fiom shifting off center fiom the vertical axis A. 

The lower chamber waU 2140 may mount a liftmg mechanism 2400 for 
lifting a wafer 10 supported in the processing position to an elevated position. The 
lifting mechanism lifts the wafer 10 to the elevated position when the head 2200 is 
raised above the base 2300 so as to open the upper and lower chamber walls 2120. 
2140. Lifting a supported wafer 10 to the elevated position facilitates its being 
unloaded by a loading and unloading mechanism (not shown) such as a robotic ann 
having an end effector. 

The lifting mechanism 2400 includes an array of lifting levers 2420. Each 
lifting lever 2420 is mounted pivotably to the lower chamber wall 2140 via a pivot 
pin 2422 extending fiom such lifting lever 2420 mto a socket 2424 in the lower 
chamber waU 2140, so as to be pivotable between an operative position and an 
inoperative position. Each pivoting lever 2420 is arranged to be engaged by the 
upper chamber wall 2120 wh«i the upper and lower chamber walls 2120. 2140, axe 
closed, whereby such pivoting lever 2420 is pivoted into the moperative position. 
Each Kftiiig lever 2420 is biased, as described below, so as to pivot into the 
operative position when not engaged by the upper chamber wall 2120. 

Thus, each liftmg lever 420 is ad^ted to pivot fiom the operative position 
into file inoperative position as the iqiper and lower chambw walls 2120, 2140, are 
closed, and is ad^ted to pivot fiom the inoperative position mto the operative 

36 



wo 99/46065 



PCTAJS99/D5676 



position as the upper and lower chamber walls 2120, 2140, are opened. Each 
Ufting lever 2420 mounts a pin 2424, which extends beneath a wafer 10 supported 
in the processing position and lifts the supported wafia- to the elevated position, 
when such lifting lever 2420 is pivoted from the inoperative position into the 
operative position. 

The lifting levers 2420 may be biased by an elastic mrahber 2440 {e.g. O- 
ring) surrounding the lower chamber wall 2140 and engaging the lifting levers 
2420, via a hook 2426 depending fiom each lifting lever 2420. On each lifting 
lever 2420, the pin 2422 defines an axis, rebthre to which the pin 2424 and the 
hook 2426 are txppoiseA diametrically to the each other. The elastic member 2440 is 
maintained under conqjaratively higher tension when the iq)per and lower chamber 
walls 2120, 2140, are closed, and under comparatively lower tension when the 
upper and lower chamber walls 2120, 2140, are opened. 

The upper and lower chamber walls 2120, 2140, may also be releasably 
clan^ to eadi other v\*en in the closed state by a latching mechanism 2500. In 
accordance with one onbodiment, the latchmg mechanism, the latdiing mechanism 
includes a latching ring 2520 that is retained by the lower chamber wall 2140 and 
that is ad^ted to engage a conqilanentaiy sh^ed recess 2540 disposed in the 
upper chamber wall 2120. The latchmg ring 2520 is made fit>m a resiUent spring 
material (e.g. polyvinylidine fluorid) with an array of inwardly stepped portions 
2530. Thus stepped portions 2530 enable the htcfaing ring 2520 to deform fiom an 
undefoimed condition in \\*idi the latching; ring 2520 has a ftist diameter into a 
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defonned condition in wbidi the latching ring 2520 has a comparatively ianaller 
diameter. Such definmation occurs wh«i the stqiped portions 2530 are subject to 
radial inward directed fiwces. Upon removal of the fiirees, the hitching ring 2520 
retians to the undeformed. 

The latching mechanism 2500 further mcludes an array of latchmg cams 
2540, eadi associated widi a respective one of tiie stepped portions 2530. Each 
lattimg cam 2540 is adapted to apply radial forces to the respective stepped 
portions 2530. 

The latching mechanism 2500 further includes ao actuating ring 2560, which 
is adapted to actuatmg the latching cams 540 as the actuating ring 2560 is raised and 
lowered wifljin a predeteimined limited range of movemenL. In the iUustrated 
embodmient, the actuating ring 2560 is ad^ted, when raised, to actuate the latdiing 
cams 2540, and, whai lowered, to deactuate the latching cams. The ktdiing 
mechanism 2500 finther includes an air^ of pneumatic devices 2580 (e.g. three 
such devices) which are ad^ited to raise and lower the actuating ring 2560. When 
the actuating ring 2560 is raised, the upper and lower chamber walls 2120, 2140, are 
released fiom each other so that the head 2200 can be raised fiom the base 2300 for 
opoung be upper and lower chamber walls 2120, 2140, or lowered onto the base 
2300 for closing the rspper and lower chamber walls 2120, 2140. 

The actuatmg ring 2560 mounts iqwardfy projecting pins 2562 (one shown) 
that project into respective ones of multiple apertures 2564 in an aligning ring 2570 
when the actuating ring 2560 is raised. The aligning ring 2570 is mounted to lotate 
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conjointly with the lower chamber wall 2140. The pins 2562 are withdrawn fiom 
the apertures 2564 and clear the aUgning ring 2570 when the actuating ring 2560 is 
lowered. When projecting into the respective apertures 2564, the pins 2562 align a 
waiSsr 10 that had been supported in the processing position so as to facilitate 
unloading the wafer 10 via a robotic system, as mentioned above. 

The present invention has been iUustnited with respea to a waifer. 
However, it will be recognized that the present invention has a wider range of 
applicability. By way of exanq>le. the present invention is applicable in the 
processing of disks and heads, flat panel displays, microelectronic masks, and 
other devices requiring effective and controlled wet processing. 

Numerous modificatians may be made to the foregoing system without 
departing from the basic teachings thereof Although the present invention has been 
described in substantial detail with reference to one or more specific embodiments, 
those of skUl in the art will recognize that changes may be made thereto without 
departing from the scope and spirit of the invention as set forth in the appended 
claims. 
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CLAIMS 

An apparatus for processing a woxlq>iece in a micro-enviTonment, the 
apparatus comprising: 
a rotor motor; 

a woikpiece housing connected for rotation by the rotor motor, the 
wor]q)iece housing including thraein a substantially closed processing 
chamber in which one or more processing fluids are distributed across 
at least one face of the worlqiiece by centripetal acceleration 
generated during rotation of the housing. 

An apparatus as claimed in claim 1 and further comprising a fluid supply 
system connected to sequentially supply a rinsmg fhiid followed by a drying 
fluid to the processing cfaaniber. 

An ^aratus as claimed in claun 1 wherdn the woikpiece housmg further 
comprises: 

at least one fluid inlet opening to the processing chamber and aligned with an 
axis of rotation of the housing; and 
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at least one fluid outlet extending fmm the processing chamber, the at least 
one fluid ouUet positioned to allow escape of fluid ficm the 
pnxsessing chamber through action of centripetal acceleration 
gmerated during rotation of the workpicce housing about the axis of 
rotation. 

An apparatus as claimed in dahn 3 wherein the at least one fluid inlet 
opening is disposed through an upper portion of the processing chamber to 
thereby fiicilitate distribution of a fluid across an iq>per face of the 
workpiece through the action of centripetal accderation. 

An apparatus as claimed hi daim 3 wherein the at least one fluid inlet 
openiAg is disposed through a lower portion of the processfaig chamber to 
thereby feciUtate distribution of a fluid across a lower face of the woricpiece 
through the action of centrip^ acceleration. 

An appsmaas as daimed in daun 1 wherem the woricpiece housing is a 
transportable pod. 
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7- An apparatus as claimed in claim 1 wherein the workpiece housing 
comprises upper and lower chamber members conn^ 
define die substantially closed processing chamber. 

8. An apparams as claimed in daim 1 wherein the workpiece housing 
conprises: 

an upper chamber member having an interior chamber fece, the upper 
chamber member includmg a centrally disposed fluid inlet opening 
in die interior diamber £u» thereof : 
a lower chamber member having an interior chamber face, the lower 
chamber member inchidmg a centraUy disposed fluid fadet opening 
in die interior diamber &ce diereof; 

the upper chamber member and die lower chamber member being jomed to 
one anoflier to ftnm the substantially dosed processmg chamber, die 
processing chamber generally confbmung to die shape of die 
workpiece, die substantially dosed processing diamber having at 
least one fluid outlet disposed at a peripheral region dieieof to 

fedlitate escape of fluid from die processing diamber dirough ad^^ 
of ceatrq>etal accderation. 



42 



wo 99/46065 



PCTAJS99A>5676 



9. An apparatus as claimed in claim 8 wherein the worlq)i^ 
conqnises: 

at least one workpiece support adapted to support a workpiece in the 
substantially closed processing chamber in a position spaced from 

and generally parallel to the interior chamber fece of the upper and 
lower chamber members, the worlq)iece suppon positionmg the 
workpiece within the processing chamber to allow distributi(^ of a 
fluid supplied through the inlet opening of the upper chamber 
member across at least an upper face of the workpiece through the 
action of centripetal acceleration, and to aUow distribution of a fluid 
supplied through the inlet opening of the lower chamber member 
across at least a lower fiice of the workpiece through the action of 
centripetal acceleration. 



10. 



An apparatus as claimed in daim 1 wherem the workpiece housing 
conqjrises: 

an upper chamber inlet for supplyii^ a first flmd flow into an upper region 
of the processing chamber for distribution of the first fluid flow 

across at least an upper surfece of the workpiece through the actkm 
of centrq)etal acceleration; and 
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a l<wer Chamber iiaet ftw supplying a secoirf 

of tin processing diamber for distribution of the second fluid flow 
across at least a lower surfece of the workpiece through the action 
of centripetal acceleration. 

11. An apparatus as claimed in ciahn 10 and farther comprising a dividmg 
member disposed in the processing chamber about a peripheral edge of the 
workpiece at a position m which the divMmg structure separates 
distribution flow of the first and second fluid flows, whereby the first fluW 
flow is principaUy limited to contacting the upper face of the workpiece and 

the second fluid flow is principaUy Ihnited to contactmg the lower face of 
flie worlqnece. 

12. An apparatus for processing a workpiece in a micro-environment, the 
t^aratus conq)riang: 

a plurality of walls definmg a substantially closed processing chamber, the 
substantiaily closed processing chamber having at least one fluid 
outlet disposed at a peripheral region thereof, and at least one fluid 
inlet disposed to allow a fluid to enter the processing chamber at a 
non-pe(q>heral region; 
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at least one worlqpiece support ad^tcd to support a workpiece in the 
substantially closed processing chamber in a position to allow 
distribution of a fluid supplied toough the fluid inlet across at least 
one face of the workpiece through action of centripetal acceleration, 
the at least one fluid outlet bemg positioned to allow escape of fluid 
from the processmg chamber through action of centripetal 
acceleration. 

An apparatus as claimed in claim 12 and further con?M:ising a fluid supply 
system connected to sequentially stqpply a rinsing fluid followed by a drying 
fluid to the at fluid inleL 

An apparatus as claimed in claim 12 wherein the at least one fluid inlet is 
disposed at a central portion of the processing chamber. 

An appatztus as claimed in claim 12 whcrem the at least one fluid inlet is 
disposed at a central upper portion of the processing chamber to supply a 
flow of fluid proximate an upper surface of the workpiece. 
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18. 



16. Anapparamsas(*iiniedmdaim Uwlweintheatleasto^ 

disposed at a central lower portion of the processing chamber to supply a 
flow of fluid proximate a lower surface of the worIq)iece. 

17. An apparatus as daimed in claim 12 wherein the workpiece housing 
comprises: 

an upper chamber inlet for supplying a first fluid flow into an upper region 
of the processing chamber for distribution of die first fluid flow 
across at least an upper surface of the workpiece through the action 
on centripetal accelraation; and 

a lower diamber inlet for sillying a second fluid flow into a lower region 
, . processing chamber for distribution of die second fluid flow 

across at least a lower surface of the workpiece flirou^ die action 
of centripetal acceleration. 



An apparatus as claimed in claim 17 and iimher comprising a dividiitg 

structure disposed in the processing chamber about a peripheral edge of the 
workpiece at a position in which the dividing structure separates 
distribution flow of the first and second fluid flows, whereby the first fluid 
flow is principaUy limited to contacting the upper fiice of die workpiece and 
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the second fluid flow is principaUy limited to contacting the lower face of 
the workpiece. 

19. An apparatus as clauned in claim 12 wherein the substantiaDy closed 
processing chanabar generally conforms to the shape of the workpiece. 

20. An apparatus as dauned in claim 19 wherein the workpiece is a generally 
circular semiconductor wafar, the ptaraiity of walls comprising: 

a generally planar upper mterior chamber face; 
a generally planar lower mterior chamber face; 

die upper and lower interior chamber feces bemg disposed so as to be 
generally paraDel wifli upper and lower planar surfaces of the 
semiconductor wafer, respectively. 

21. An apparatus for processing a workpiece in a micro-enviiomnent, the 
^paratus comprising: 

an upper chamber member having a fluid inlet opening ; 

a lower chaniiber member having a fluid inlet openmg; 

die n>per chamb^ mmber and the lower chamber member being joined to 
one anoflier to fomi a substantially closed processing chamber 
gemerafly confoiming to the shq)e of the woricpiece, the substantially 
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closed processing chamber having at least one fluid outlet disposed at 
a perq>hei»I region thereof; 
at least one woiipiece sjqjport adapted to support a woriqriece in the 
substantially closed processing chamber in a position to allow 
distribution of a fluid sapphed through flie inlet opening of the upper 
chamber member across at least an upper fiice of fhe workpiece 
through the action of centripetal acceleration, and to allow 
distribution of a fluid supplied through the inlet openrag of fee lower 
chamber member across at least a lower &ce of the woilqriece 
througji fee ac^on of centripetal acceleration, the at least one fluid 
outlet being positioned to allow escape of fluid fiom fee processing 
chambo- through action of cmtiipetal acceleration. 

An q)paratus as claimed in claim 21 and farfeer con^rising a peripheral 
edge structure facilitating mutually exclusive processing of fee uppa and 
lowo' worlq>iece surfaces. 

An^aratusasclaimedindaim21 wherein fee worlq>iece is a generally 
circular semiconductor wafer and wherdn fee inlet q)ening8 of fee iqiper 
and lower cbaniber nxmbers are genraally aligned wife fee center of the 
semiconductor wafer. 
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24. An ^aratus as daixned in claim 21 and further comprising one or more 
fasteners connecting the upper and lower chamber members, the one or 
more fasteners being adapted to allow relative movement between the 
upper and lower chamber members for accessing the processmg chamber to 
insert and/or extract a workpiece. 



25. A method for processmg a workpiece conq>rising: 

placing the workpiece in a substantially closed processing chamber of a 

workpiece housiiq;; 
providing a flow of fluid to a generally central portion of the i^ocessmg 

chamber; 

rotatmg the workpiece housing to generate centripetal acceleration that 
distributes the flow of fluid across at least one surface of the 
workpiece. 

26. A method for processmg a wOTkpiece having upper and lower generally 
planar surfaces, the method comprising comprising' 

placing the workpiece in a substantially closed processing cfaaniber of a 
workpiece housmg; 

49 



wo 99/46065 



PCTAJS99/05676 



providing a first flow of fluid to a generally central upper portion of the 

processing chamber; 
providing a second flow of fluid to a generally central lower portion of the 

piocessmg chamber; 
rotatmg the workpiece housmg to generate centripetal acceleration that 

distributes die first flow of fluid across at least the upper surface of 

the worlq}iece and that distributes die second flow of fluid across at 

least the lower surface of the workpiece. 

27. A method as clahned in claim 26 wherem the first and second flows of fluid 
are siqqplied concurrenUy. 

28. A metiiod as clauned m clann 27 and further comprismg the step of 
separatmg the first and second flows of fluid so that above first flow of 
fluid principally contacts the upper surfiice of the workpiece to the general 
exclusion of the lower surfece thereof and the second flow of fluid 
principally omtacts the lower surfece of die worlqiiece to the general 
exclusion of the iqyper surfoce thereof. 

29. An apparatus for batch processing a plurahty of woriq>iBces in mdividual 
micro-CTvinmments, the q>paratus comprising: 
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a rotor motor, 

a plurality of woiicpiece housmgs, each connected for rotation by the rotor 
motor about a common rotation axis, each of the workpiece housings 
including therein a substantially closed processing chamber m which 
one or more processing fluids are distributed across at least one face 
of a reqiective one of the workpieces by centripetal accelerations 
generated during rotation of the housings. 

30. An apparatus as claimed in clahn 29 wherem each of the workpiece 
housings includes a centrally disposed inlet for supplying fluid to the 
respective processing chamber, the apparatus further comprising: 

a stationary manifold; 

a rotating manifold having an niput connected to receive fluid from the 

outt^ of the stationary manifold; 
a plurality of fluid supply lines extending from and connected to die 

rotating manifold and termmating at one or more fluid ouUets 

proximate the centrally disposed inlet of at least respective 

processing chamber. 

31. An ai^)aratus as clafaned in claim 30 wherein tiie rotating manifold is 
connected for co-rotation with the workpiece housings. 
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32. An apparatus fi>r processing a workpiece comprising: 

a housing including a clean master processing chamber; 

a robotic arm disposed in the clean master processing diamber and ad2q>ted 

to cmvey the worlq>iece; 
a plurality of woriq>iece processing stations disposed in the clean master 

processing chamber at positions accessible by the robotic aim, at 

least one of the workpiece processing stations comprising 

a rotor motor; 

a worlcpiece housing connected for rotation by the rotor motor, the 
workpiece housing tncfaidmg tfaerdn a substantially cl<^ed 
processing chamber m which one or more processing fluids 
are distributed across at least one face of the workpiece by 
centripetal acceleration generated during rotation of the 
housing. 

33. An zppdonBtus as claimed in claun 32 wherein the worlqpiece housing iinther 
comprises: 

at least one fluid inlet opening to the processing chamber and aligned with an 
axis of rotation of the housing; and 
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at least one fluid outlet extending fitom the processing chamber, the at least 
one fluid outlet positioned to allow esce^e of fluid fix>ni the 
processing chamber through action of centripetal acceleration 
generated during rotation of the woilq>iece housing about the axis of 
rotation. 

34. An ^aratus as claimed in claim 33 wherein the at least one fluid inlet 
opening is disposed through an upper portion of the processing chamber to 
thereby facilitate distribution of a fluid across an upper &ce of die 
worlqiiece through the action of centripetal acceleration. 

35. An apparatus as claimed in claim 33 wherein the at least one fluid inlet 
opening is disposed through a lower portion of the processing chamber to 
thereby facilitate distribution of a fluid across a lower face of die worlqpiece 
through the action of centripetal acceleration. 

36. An spparatus as claimed in claim 32 wherein the workpiece housing is a 
transportable pod. 
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37. An apparatus as daimed in claim 32 wherein Qie workpiece housing 
comprises iqjper and lower chamber members connected to one another to 
define the substantiaDy closed processing chamber. 

38. An apparatus as claimed in chum 32 wherein the worlqpiece housing 
comprises: 

an upper chamber member having an interior chamber face» the upper 
chamber monber induding a centrally disposed IQuid inlet opening 
in die interior chamber face thereof; 

a lower chamber member having an interior chamber face, the lower 
chamber member induding a centrally disposed fiuid udet opening 
m die interior diamber face thereof; 

the upper chamber member and the lower chamber member being joined to 
one another to form die substantially closed processing chamber, the 
processing chand)er generally conforming to die shape of the 
worlcpiece, the substantially closed processing chamber having at 
least one fluid outlet disposed at a po^heral region thereof to 

facilitate escape of fluid from the processing diamber through action 
of centripetal accderation. 
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39. An apparatus as claimed in claim 38 wherein the workpiece housing further 
comprises: 

at least one worlqjiece support adapted to support a workpiece in the 
substantially closed processing chamber in a position spaced from 
and generally parallel to the interior chamber face of the upper and 
lower chamber members, the workpiece support positioning the 
workpiece within the processing diamber to allow distribution of a 
fluid supplied through the hdet opening of the upper chamber 
meniber across at least an upper face of the worlq)iece through the 
action of centripetal acceleration, and to allow distribution of a fluid 
supplied through the inlet opening of the lower chamber member 
across at least a lower face of the worlq>iece through the acticm of 
centripetal acceleration. 

40. An apparatus as claimed in claim 32 wherein the workpiece housing 
comprises: 

an iq>per chamber inlet for supplying a first fluid flow into an upper region 
of die processing chamber for distribudon of the first fluid flow 
across at least an upper surface of the workpiece through the action 
of centrq)etal acceleration; and 
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a lower chamber inlet for siq>ply]ng a second fluid flow into a lower region 
of the processing chamber for distribution of the second fluid flow 
across at least a lower surface of the workpiece through the action 
of centripetal acceleration. 

41, An apparatus as claimed in claim 40 and further CQnq)rising a dividing 
member disposed in the processing chamber about a peripheral edge of the 
workpiece at a portion in which the dividing structure separates 
distribution flow of the first and second fluid flows, whereby the first fluid 
flow is principally limited to contacting the upper face of the workpiece and 
die second fluid flow is principally limited to contacting the lower face of 
the workpiece. 

42. An qiparatus for processing a workpiece in a micro-environment» the 
apparatus comprising: 

enclosure means for enclosing a workpiece in a substantially closed 
processing chamber, 

means fiir rotating tbe enclosure means, including the substantially closed 
processing dianiber, to distribute one or more processing fluids 
across at least one face of the workpiece by centripetal acceleration 
genoated during rotation of the enclosure means. 
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43. An apparatus as claimed in claim 42 wherein the enclosure means 
conq>rises fluid inlet means for providing a fluid to at least one of an upper 
or lower surface of the workpiece for distribution through the action of the 
centripetal acceleration. 

44. An apparams as claimed in claim 42 and further comprising means for 
opening and closing the enclosure means to thereby allow insertion and 
extraction of a workpiece for processing in the processing diamber. 

45. An apparatus as claimed in claim 42 wherein the enclosure means 
conqxrises fluid outlet means for allowing escape of fhiid from the 
processing chamber through action of centripetal acceleration generated 
during rotation of the enclosure means, 

46. An apparatus as claimed in claim 42 wherein the enclosure means 
conq>rises means for providing first and second fluid flows to respective 
upper and lower sur&ces of the worIq)iece. 

47. An apparatus as claimed in claim 46 wherein the enclosure means 
conqnrises fluid dividing means disposed in the processing chamber for 
separating flow of the first and second fluid flows, wherAy the first fluid 
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flow is principally limited to contacting the upper surface of the workpiece 
and the second fluid flow is principally Innited to contacting the lower 
surface of the worlqpiece. 

An ^aratus for processing a microelectronic worlqiiece in a micro- 
environment comprising: 

a first chamber member having an interior chamber wall; 

a second chamber member having an interior chamber wall, the first and 
second diamber members being adapted for relative movemem 
between a loading position in which the first and second chamber 
menabcrs are distal one another and a processing position in which 
the first and second chamber members are proximate one another to 
define a processing chamber; 

at l^t one worlqiiece support assetnbly disposed between the first and 
second diamber members for supporting the microelectronic 
worlqjiece, the at least one workpiece suH)ort assembly being 
operable to space the microelectronic woikpiece a first distance, xl, 
from an interior chamber waU of at least one of the first and second 
chamber membm when the first and second chamber members are 
in the loading position and to space the microelectronic woikpiece a 
second distance, x2, from the interior diamber waU when the first 
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49. 



and second dma\,sr members are in the piocessiiig position, 
wherein xl > x2. 

An appaiatos has claimed in claim 48 wherem the workpiece support 

assonbly coiiq)rises: 

a wor]q>iece support member; 

a biasing member disposed to engage the workpiece support member, the 
biasing member urgmg the workpiece support member to space the 
microelectromc workpiece the first distance, xl, from the mterior 

chamber wall when the first and second chamber members are m the 
loading position, rdative movanent between the first and second 
chamber members urging the workpiece support member against the 
bias of the biasing member to drive the workpiece snpport member 
to qnce the miraoelectronic woikpiece tfie second distance, x2, from 
the mterior chamber waU when the first and second chamber 
members are in the pioeessmg position. 



50. AnapparanisasclaimedincUum49wheiemlhebiasn«memberisacoU 
q)iing actnaior. 
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51. An ^qnratus as daimed in daim 49 wherein die biasing membw is a leaf 
sptiag. 

52. An apparatus as daimed in daim 48 wherein die workpiece support 
assembly comprises: 

a worlcpiece support member movable between a first position in which die 

workpiece support member spaces die microelectronic woikpiece die 

first distance, xl, from die interior chamber wall when die first and 

second diamber members are in die loadmg position, relative 

movement between die first and second chamber members orgmg 

die workpiece sappon member to drive die worlq)iece aipport 

member to space die microelectronic workpiece die second distance, 

x2, ftom die intaior chamber wall when die first and second chamber 
members are in the processing position. 

53. An apparatus as dauned in daim 48 and fiirdier comprising: 

at least one processmg flnid hilet disposed duongh at least one of die 
interior diamber walls for communicating processing fluid to 
contact die microelectronic woricpiece when die first and second 
chamber meoibas are in the processing position; 
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a rotor motor ccMinected to rotate the first and sccmid chamber members 
about a rotation axis to thereby distribute the processing fluid over a 
surface of the microelectronic workpiecc through the action of 
centripetal acceleration generated during the rotation. 

54 . An ^aratus as clauned in daim 49 and further comprising: 

at least one processing fluid inlet disposed Arough at least one of the 
interior chamber walls for communicatmg processing fluid to 
contact the microelectronic woikpiece when the fiist and second 
chamber members are in the processing position; 

a rotor motor connected to rotate the first and second chamber members 
about a rotation axis to thereby distribute the processing fluid over a 
surface of the microelectronic woriqjiece through the action of 
centripetal acceleration generated during the rotation. 

55. An apparatus as claimed in claim 50 and further con5>rising: 

at least one processing fluid inlet disposed flirough at least one of the 
Ulterior chamber walls for conmnmicating processing fluid to 
contact the microelectronic workpiece when the first and second 
chaniber members are in the processmg position; 
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a rotor motor connected to rotate the first and second chamber members 
about a rotation axis to hereby distribute the processing fluid over a 
surface of the microelectronic workpiece through the action of 
centripetal accel^ation generated during the rotation. 

56. An apparatus as claimed in claim 51 and further comprising: 

a processing fluid inlet disposed through at least one of the iiiterior chamber 
waUs for coramunicatmg processing fluid to contact the 
microelectronic workpiece when the first and second chamber 
members are in the processing position; 

a rotor motor connected to rotate the first and second chamber members 
about a rotation axis to thereby distribute the processing fluid over a 
surfece of the microelectnmic workpiece through the action of 
centrq>etal acceleration generated during the rotation. 

57. An apparatus for processing a microelectronic workpiece in a micro- 
envirotunentt fiie apparatus comprising: 

an upper chamber member having an interior chamber wall ; 
a lower chamber member having an interior chamber wall; 
the upp&c chamber member and the lower chamber bemg adapted for relative 
movement between a loadmg position m which the iqipcr and lower 
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cbamber members are distal one another and a processing position 
in which the upper and lower chaniber members are effectively 
joined to one another to fonn a substantially closed processing 
chamber generally conforming to the shape of the microelectronic 
workpiece, the substantially closed processing chamber having at 
least one fluid outlet disposed at a peripheral region thereof; 

at least one processing fluid inlet disposed through at least one of the 
interior cbamber walls for connnunicating processing fluid to 
contact a face of the microelectronic woiiqiiece when the upper and 
lower chamber members are in the processing position; 

a worlq>iece siqjport assembly disposed between the upper and lower 
dbumaiber mmibors for supporting the microelectronic woriqsiece, the 
workpiece support assembly being operable to space the 
microelectronic woilqiiece a first distance, xl, from an interior 
chaniber wall of at least one of the first and second chamber 
members vfbm the first and second chamber members are in the 
loading position and to space the microelectronic worlqiiece a 
second distance, x2, from the interior chamber wall when the first 
and second chamber members are in the processing position, 
wherein xl > x2, the at least one woikpiece support adq>ted to 
support the microelectronic workpiece in the substantially closed 
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processing chamber in a position to allow distribution of a fluid 
siqjplied through flie at least one processing fluid inlet across at least 
one face of the microelectronic woilcpiece through the action of 
centriipetal acceleration. 

58. An apparatus as claimed in claim 57 whorein the at least one processing 
fluid inlet is disposed through the interior chamber wall of the upper 
chamber member to communicate processing fluid for distribution across an 
upper sur&ce of the microelectronic workpiece, the apparatus further 
comprising a further processmg fhiid inlet disposed through the interior 
chamber wall of die lower chamber member to communicate processing 
fluid for distribution aoross a lower sur£au;e of the microelectronic 
woriqriece. 

59, An ^aratus as clafaned in claim 57 wherein the workpiece support 
assenibly comprises: 

a workpiece support member; 

a biasing member disposed to engage the workpiece sappan member, the 
biasmg member urgmg die workpiece support member to space the 
microelectronic worlqjiece die first distance, xl, from the interior 
chamber wall when the first and second chamber members are in the 
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loading position, relative movement between the first and second 
chamber members urging the workpiece support member against the 
bias of the biasmg menabcr to drive die workpiece support member 
to space the microelectronic workpiece the second distance, x2, fix)m 
the interior chamber wall when the first and second chamber 
members are in the processing position 
60. An apparams as claimed m claun 57 wherein the workpiece support 
assembly comprises: 

a plurality of worlqpiece support members eadi having an upstanding 
portion and a support surface; 

a biasmg member disposed to engage the upstandmg portions of the 
phuraliQf workpiece siq>port nmiber, die biasmg member urgmg the 
worlq)iece support member to space the microelectnmic worlqiiece 
the first distance, xl, from the interior chamber wall when the first 
and second chamber members are in the loading position, relative 
movement between the first and second diamber members urging 
the worlq)iece support member against die bias of die biasing 
mCTiber to drive the workpiece support mranber to space the 
microelectronic woxlqiiece the second distance, x2, 6om the interior 
chamber wall when the first and second chamber membm are in the 
processing position. 
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61. An apparatus as claimed in claim 60 wherein the biasing member ccmqprises 
a phn^ity of leaf spring menibers extending from a central bub, end 
portions of the leaf spring members contacting respective upstanding 
members of the worlqpiece suf^orts 

62. An apparatus as claimed in claim 61 wherein the plurality of workpiece 
support members are disposed through the lower chamber monber and 
wherein the biasing member is secured to the lower diamber member at the 
hub of die biasing member by a securement that forms the processmg fluid 
hdet of the lower chamber member. 

63 . An sqpparatus for processing a microelectronic workpiece comprising: 

a rotor assembly adi^ted to siqpport the worlq>iece and rotate with the 
microelectronic workpiece during microelectronic workpiece 
processing; 

a processing head adapted to rotate the rotor assenibly during 
microelectronic worlqpiece processing; and 

a coxmector hub assonbly inchiding threaded hub members, the threaded 
hub members securmg the rotor assembly for rotation by the 
processing head screwed together and allowing separation between 

66 



wo 99/46065 



PCTAJS99/05676 



the rotor assembly and processing head via a screw in the direaded 
hub members. 

64. An s^yparatiis as claimed in claim 63 wherem the threaded hub members 
comprise: 

a first hub member in fixed engagement with the processing head; 

a second hub member in fixed engagement with the rotor assembly, flie 
first and second hub of members having correspondmg threads 
allowing the first and second hub members to be readily joined to 
and sqiarated ftom one another, the first and second of menibers 
bemg jomed for co-rotation during microelectronic worIq>iece 
processing; 

a lockmg mechanism for securing the first hub member with the processing 
head to prevent co-rotation of the first and second hub monbers 
diereby allowing the second hub member to be on screwed from the 
first hub member to remove the rotor assembly. 



65. An apparatus for i»ocessmg a woriq)iece in a micro-environment, Ae 
s^qjaratus comprising: 
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a pluraUty of walls defining a substantially closed rinser/diyer chamber, die 
substantially closed rinser/dryer chamber having at least one fluid 
outlet disposed at a peripheral region thereof, and at least one fluid 
inlet disposed to allow a fluid to enter the rinser/dryer chamber at a 
nonrperipheral region; 
at least one workpiece support adapted to support a workpiece m the 
substantially closed rinser/dryer chamber in a position to allow 
distribution of a fluid suiq}Ited through the fluid inlet across at least 
one face of the workpiece du*ough action of centripetal 
acceleration, the at least one fluid outlet being positioned to allow 
eso^e of fluid from the rmser/dryer chambo* through action of 
centripetal acceleration; 

a fluid supply system connected to sequentially supply a rinsing fluid 
followed by a drying fluid to the at least one inlet opening. 

66. An apparatus as clanned in claim 65 wherein the at least one fluid inlet is 
disposed at a central portion of the rinser/dryer chamber. 

67. An apparatus as claimed hi claim 65 wherem the at least one fluid mlet is 
disposed at a central upper portion of the rinser/dryer chamber to supply a 
flow of fliud proximate an upper surface of the workpiece. 
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68. An ^jparatus as daimed in claim 65 wherein the at least one flnid inlet is 
disposed at a ceatial lower portion of the rinser/dryer chamber to supply a 
flow of fluid proximate a lower surface of the workpjsce. 

69. An aiq>aiatus as claimed in claim 65 wherein the rinser/dryer housiqg 
conq)rises: 

an upper chamber uilet for supplymg a first fluid flow mto an upper region 
of the rinser/dryer chamber for distribution of the first fluid flow 
across at least an \xppec surface of the worlcpiece through the action 
on centripetal acceleration; and 

a lower chamber inlet for supplying a second fluid flow into a lower region 
of the rinser/dryer diamber for distribution of the second fluid flow 
across at least a lower surface of the workpiece through the action 
of centripetal acceleration. 

70. An apparatus as claimed m claim 69 and further comprising a dividmg 
stnictore disposed m the rinser/dryer chamber aboot a peripheral edge of 
the wor]q)iece at a position m which the dividing structure separates 
distribution flow of the first and second fluid flows, whereby the first fluid 
flow is principally limited to contacting the upper face of the worlq)iece and 
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the second fluid flow is principally limited to contacting the lower face of 
the workpiece. 

71. An £^paratiis as claimed in claim 65 i^erein the substantiaOy closed 
rinser/dryer chamber generally conforms to the shspo of the worlqpiece. 

72. An apparatus as claimed in claim 71 wherein the workpiece is a generally 
circular semiconductor wafer, the plurality of walls conprising: 

a generally planar upper interior chamber face; 
a generally planar lower interior chamber face; 

the upper and lower intmor diamber &ces being disposed so as to be 
generally parallel with upper and lower planar surfaces of the 
semiconductor wafer, respectively. 

73. An a^aratns for rinsing and drying a workpiece m a micro-environment, 
the apparatus comprising: 

an upper chamber member having a fluid inl^ openmg ; 
a lower chamber member having a fluid inlet opening; 
the upper chamber member and the lower chamber member being joined to 
one another to form a substantially dosed rinser/dryer chamber 
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generally confonning to the shape of the woilq)i6ce, fht 
substantially closed rinser/dryer chamber havmg at least one fluid 
outlet disposed at a peripheral region thereof; 

at least one wor]q>iece support adapted to support a workpiece m the 
substantially closed rinser/dryer diamber in a position to aUow 
distribution of a flmd supplied through the inlet opening of die 
upper chamber member across at least an upper face of the 
workpiece through the action of centripetal acceleration, and to 
allow distribution of a fluid supplied through the inlet opening of the 
lower chamber member across at least a lower face of the woiiq)iece 
through the action of centripetal acceleration, the at least one fluid 
outlet being positioned to allow escaqpe of fluid 60m the rinser/diyo: 
chamber through action of centripetal acceleration; and 

a fluid supply system connected to sequentially supply a rinsing fluid 
followed by a drying fluid to the inlet (q)ening of die upper chamber 
member and the inlet opening of the lower chamber member* 

74. An f^yparatus as claimed in claim 73 wherein the rinsing fluid is prmcq)ally 
comprised of DI water. 
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75. An apparatus as claimed in claim 74 wherein the drying fluid is principally 
comprised of nitrogen and IPA vapor. 

76. An apparatus as claimed in claim 73 wherein the drying fluid is principally 
comprised of nitrogen and IPA vapor. 

77. An apparatus as clauned in claim 73 and further comprising a peripheral 
edge structure fecilitating mutually exclusive rinsing and drymg of the 
upper and lower wor]q)iece sur£aces. 

78. An qiparatus as claimed in claim 73 wherem the workpiece is a generally 
circular semiconductor wafer and \idierein the inlet openings of the upper 
and lower chamber members are generally aligned with the center of the 
semiconductor wafer. 

79. An apparatus as claimed in claim 73 and further conqjrising one or more 
fasteners conuecting the i^iper and lower chamber members, die one or 
more listeners being adapted to allow relative movement between flie 
upper and lower chamber members for accessing the rinser/dryer chamber 
to insert and/or extract a workpiece. 
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80. A method for rissiiig and drymg a workpiece coxxqjrising: 

placing the workpiece in a substantially closed rinser/diyer chamber of a 

rinser/dryer housing; 
providing a flow of rinsing fluid to a generally central portion of the 

rinser/dryer chamber; 
rotating the rinser/dryer housing to generate centripetal acceleration that 

distributes the flow of rinsmg fluid across at least one surface of the 

workpiece; 

providuig a flow of drying fluid to a generally central portion of the 
rinser/dryer chamber after the rinsing fluid; and 
. rotating die rinser/dryer housing to generate centripetal acceleration that 
distributes the flow of drying fluid across at least one surface of the 
workpiece. 

81. A method as claimed in claim 80 wherein the rinsing fluid is principally 
comprised of DI water. 

82. A mediod as claimed in claim 80 wherein the dtying fluid is principally 
comprised of nitrogen and IPA vapor. 
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83. A method as claimed in daim 81 wherein the drying fluid is princ^ally 
conq>risedof nitrogen and IPA vqx)r. 

84. An apparatus for processing a worIq)iece comprismg: 

a housmg includmg a clean master rinscr/dryer chamber; 

a robotic arm disposed in the clean master rmser/dryer chamber and 

adapted to convey the workpiece; 
a plurality of workpiece processing stations disposed in the clean masta^ 

rinser/dryer chamber at positions accessible by the robotic arm, at 

least one of the workpiece processing stations comprising 

a rotor motor; 

a rinser/dryer housing connected for rotation by the rotor motor, 
the rmser/dryer housing including therem a substantially 
closed rinser/dryer chamber in which one or more 
rinsmg/drymg fluids are distributed across at least one face 
of the workpiece by centripetal acceleration generated during 
rotation of the housing. 

15. An ^aratus as claimed in clahn 84 wherein the rinser/dryer housing 
furdier contprises: 
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at least one fluid inlet opening to the rinser/dryer chamber and aligned with 
an axis of rotation of the housing; and 

at least one fluid outlet extending from the rinser/dryer chamber, the at 
least one fluid outlet positioned to allow escape of fluid from the 
rinser/dryer chamber through action of centrq)etal acceleration 
generated during rotation of the rinser/dryer housmg about the axis 
of rotation. 

86. An apparatus as claimed in claim 83 wherein the at least one fluid inlet 
opening is disposed through an upper portion of the rinser/dryer chamber to 
thereby fridlitate distribution of a fluid across an iqiper face of the 
worlqiieoe through flie action of centripetal acceleration. 

87. An apparatus as claimed m daun 85 wherein the at least one fluid inlet 
opening is disposed through a lower portion of the rinser/dryer diamber to 
thereby facilitate distribution of a fluid across a lower face of the wor]q)iece 
through the action of centrq)etal acceleration. 

88. An apparatus as daimed in claim 84 wherein the rinser/dryer housing is a 
transportable pod. 
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89. An apparatus for processing a microelectronic woriq>iece having a front 
side, a back side, and an outer perimeter, the apparatus comprising: 
a reactor having an upper chamber wail and a lower chamber wall, the 
reactor siqiporting a microelectronic workpiece in a processing 
position between the iqiper and lower chamber walls, the upper and 
lower chamber waDs bemg rotatable conjointly with a 
microelectronic workpiece siqjported m the processing position, 
each of die upper and lower chamber walls having an inlet for 
processing fluids; 

an upper processing chamber being defined by the upper chamber wall and 
by a microelectronic workpiece supported m the processing 
position; 

a lower processing chamber being defined by the lower chamber wall and 
by a microelectronic worlqnece supported m the processing 
position, the upper and lower processing chambers being in fluid 
communication with each other in a region beyond the outer 
perimeter of a microelectronic workpiece supported in tiie 
processing position; 

a selected one of flie upper and lower chamber walls having an outiet for 
processing fluids from the upper and lower chambers, the outiet 
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being spaced outwardly from a rotation axis by a radial distance and 
being spaced inwardly from the outer perimeter of a microelectronic 
workpiece supported in the processing position by a comparatively 
smaller radial distance, whereby processing fluids entering the inlrt 
of the remaining one of the upper and lower chamber walls can act 
on the nearer of the front and back sides of the supported 
microelectronic workpiece, on the outer periphery of the supported 
microelectronic workpiece, and on an outer margin of the other side 
of the supported microelectronic workpiece before reaching the 
outlet and whereby processing fluids entering the inlet of the 
selected one of the upper and lower chamber walls can act on the 
latter side of the supported microelectronic worlqpiece« except for 
the outer margin of the latter side, before reaching the ouflet. 

90. The ^params of dann 89 wherdn the oudet is one of an array of similar 
outlets spaced similarly from the vertical axis and from the outer perimeter 
of a microelectronic worlq)iece supported in the processing position. 

91. The ^aratns of claim .89 wherein the selected one of the upper and lower 
chamber walls is the upper chamber wall. 
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92. The apparatus of claim 90 wherein the selected one of the upper and lower 
chamber walls is the upper chamber walL 

93. The jqpparatus of clahn 89, 90, 91 , or 92 wherem each outlet communicates 
with a coaxial, annular plenum havuxg a dram, which is equipped with a 
valve for opening and closing the drain. 

94. The apparatus of claim 93 wherem the drain is one of an array of drains, 
each of vMch is equipped widi a valve for qpenmg and closmg the drain. 

95. The 2q)paratus of claim 89, 90, 91, or 92 wh^ein the upper and lower 
chamber walls when closed are sealed by an annular, compressible seal. 

96. The apparatus of claim 93 wherem the upper and lower chamber walls 
when closed are sealed by an annular, con^iressible seal above fb& plenum. 

97. The apparatus of claim 94 wherein the upper and lower chamber walls 
when closed are sealed by an annular, conq)ressible seal above the plenum. 

98. The s^iparatus of claim 93 wherem an annular skirt extends around and 
downwardly from the upper chamber wall, above the plenum, so as to be 
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conjointly rotatable with the upper chamber wall, and wherein each outlet is 
oriented so as to direct processing fluids exiting said outlet against an inner 
sur£Bce of the amniiar skirt. 

99. The apparatus of claun 98 wherem the inner surface of the skut is flared 
outwardly and downwardly so as to cause processing fluids reaching the 
inner surface to flow outwardly and downwardly toward the plenum, via 
centrqsetal acceleration. 

100. The apparatus of claim 94 wherem an annular skirt extends around and 
downwardly from the upper chamber wall, above die plenum, so as to be 
conjoinfly rotatable with the vppex chamber wall, and wherein each outlet is 
oriented so as to direct processing fluids exiting said outlet against an inner 
surface of the annular skirt. 

101. The apparatus of claim 100 wherein the inner sur&ce of the skirt is flared 
outwardly and downwardly so as to cause processing fluids reaching the 
inner sur&ce to flow outwardly and downwardly toward the plenum, via 
centrq)etal acceleration. 
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102. An aiqiaratus for processing a microelectronic workpiece having a front 
side, a back side, and an outer perimeter, the apparatus comprising: 

a reactor having an upper chamber wall and a lower chamber wall, the 
upper and lower chamber walls being arranged to open so as to 
permit a microelectronic workpiece to be loaded into the reactor for 
processing and to ronoved bom tiie reactor, to close so as to 
siqyport a microelectromc workpiece in a processing position, 
between the upper and lower chamber walls, the upper and lower 
diamber mils being rotatable y/bsa closed, around a vertical axis, 
conjointly widi a microelectronic worlqiiece supported in the 
processing position; 

the upper and lower chamber walls being clamped releasably to each oAer 
when closed by a latching mechanism including a latgAing xing 
retained by a selected one of the upper and lower chamber walls and 
adapted to fit removably into a coiiq)lementarily shaped recess in the 
remaining one of the upper and lower chamber walls. 

103. The apparatus of claim 102 wherein the latrhing ring is |nnri<> from a spring 
material widi an array of inwardly stepped portions, said portions of die 
latching ring enabling die latching ring to deform from an undeformed 
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condition wherein the latching ring has a comparatively larger diameter into 
a deformed condition wherein the latching ring has a comparatively smaUer 
diameter when said portions of the latching ring are pulled in radial inward 
directions, saidportions of the latching ring enabling the latchmg ring to 
retwn to the undefomied condition when said portions of the latching ring 
are released. 

104, The apparatus of claim 103 wherein the latching mechanism farther 
includes an array of latching cams, eadi associated with a respective one of 
said portions of the latching ring, each adapted when acmated to pull the 
associated one of said portions of the latchmg ring in a radially mwaid 
direction, and each ads^ted when deactuated to release the associated one 
of the said portions of the latching ring. 

105. The apparatus of dann 104 wherem the latching mechanism further 
indudes an actuatmg ring adapted to being raised and lowered widiin a 
limited range of movement of die actuatmg ring, ddspted when raised to 
actuate said cams, and adsqrted when lowered to deactuate said cams. 
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106. The apparatus of claim 105 wherein the latching mechanism further 
inchides an array of pneumatic devices adapted when actuated to raise the 
actuating ring. 

107. The apparatus of claim 106 wherem the actuatmg ring is adapted to be 
pneumatically lowered when said devices are deacoiated. 

108. An apparatus for processmg a microelectronic workpiece havmg a front 
side, a back side, and an outer perimeter, the apparatus comprismg: 

a reactor havmg an upper chamber wall and a lower chamber wall, the 
reactor being adapted to siqjport a miax>electronic workpiece m a 
I^ocessing position between the vtppcr and lower chamber walls, die 
upper and lower chaniber walls bemg rotatable about a rotation axis 
conjomtly with a microelectronic workpiece supported in the 
processing position, each of the upper and lower chaniber walls 
having an inlet ftir processing fluids; 

an upper processing chamber defined by the upper chamber wall and by a 
microelectn>nic workpiece sqyported intfae processmg posi^ 

a lower processmg chamber defined by the lower chamber wall and by a 
microelectronic workpiece supported in the processmg position, the 
upper and lower processmg chambers behxg in fluid communicatiQn 
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with each other in a region beyond the outer perimeter of a 
microelectronic workpiece siqyported in the processing position; 

a selected one of the upper and lower diamber walls having an outlet for 
processing fluids from the upper and lower chambers, the oudet 
bemg spaced outwardly from the rotation axis; 

the lower chaniber wall having an upper surface shaped so as to define an 
annular sump around the inlet of the lower chamber wall, for 
collecting liquids from processing fluids entering the inlet of the 
lower chamber wall, if the liquids strike and drop from a 
microelectronic workpiece supported in the processing position, and 
for conducting the collected liquids toward the outlet when 
craitripetal acceleration is imparted to the collected liquids. 

109. The apparatus of claun 108 wherein a nozzle is provided beneath the inlet 
of the lower chamber wall, for direc^g streams of processing fluids 
iqswardly through the inlet of the lower dtiamber wall. 

110. The ^aratus of dafan 109 whereui the nozzle has plural ports for directing 
plural streams of processing fluids sinmltaneously and upwardly through 
the inl^ of the lower chamber walL 
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111. The apparatus of claim 110 wherein said ports are oriented so as to cause 
the directed streams to converge approximately where the directed streams 
reach a microelectronic workpiece supported in the processixig position. 

112. The sqpparatus of daim 109, 110, or 111 wherem another nozzle is 
provided to one side of the nozzle provided beneath the inlet of ttie lower 
chamber wall, for directing a stream of purging gas across the nozzle 
provided beneath the inlet of the lower chamber wall. 

113. An apparatus for processing a microelectronic workpiece having a front 
side, a back side, and an outer, circular perimeter, the a^iparatus 
coniprisimg: 

a reactor having an upper chamber wall and a lower chamber wall, the 
. upper and lower chamber walls being arranged to open so as to 
pennit a microetectronic workpiece to be loaded mto the reactor for 
processing and to removed from the reactor, to close so as to 
support a microelectronic workpiece in a processmg position, 
between die iqiper and lower chamber walls, the u|^ and lower 
chamber walls being rotatable when closed around a vertical axis 
conjointly with a microelectronic workpiece supported in the 
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processing position, each of the upper and lower chanober walls 
having an inlet for processing fluids; 
an upper processing chamber being defined by the upper chamber wall and 
by a microelectronic workpiece supported in the processmg 
position; 

a lower processmg chamber being defined by the lower chamber wall and 
by a microelectronic workpiece supported in the processing 
position, the upper and lower processing chambers communicating 
with each other in an annular region beyond the outer perimeter of a 
microelectronic workpiece supported in the processmg position; 

a selected one of die upper and lower chamber walls having an oudet for 
processing fluids from the upper and lower dianbers, the outlet 
being spaced outwardly from the vertical axis, the lower chamber 
wall havfflg spacers for spacing a microelectronic workpiece 
supported in the processing position above the lower chamber wall 
by a given distance; 

the lower chamber wall mounting a lifting mechanism for lifting a 
naicToelectronic workpiece supported in the processing position to an 
elevated position, at a greater distance above die lower chamber 
wall, when the upper and lower chamber walls are opened. 
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114. The a|)paratus of claiin 113 wheiein die lifting mechanism includes an array 
of lifting levers, each pivotable between an operative position and an 
inoperative position and biased so us to pivot into the operative position, 
each adqjted to pivot from the operative position into the inoperative 
position when the iqjper and lower chamber walls are closed and from the 
inoperative position into the operative position when the upper and lower 
chamber walls are opened* each having a projection adapted to project 
beneath a microelectronic worlqpiece supported in thq)rocessing position 
and to lift the supported microelecttonic worlq)iece when pivoted from the 
inoperative position into the operative position. 

1 15. The apparatus of claim 1 14 herein the lifting levers are biased by an elastic 
member engagmg the lifting levers and maintauxed under comparatively 
higher tension when the iqq>er and lower chamber walls are closed and 
under comparatively lower tension when die upper smd lower chamber 
walls are opened. 
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